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FOREWORD 

No combination of printed words can ever do justice to the real story of an 
undertaking in which cooperation between men of capacity and genius is of the 
essence. The development of the IBM Automatic Sequence Controlled Calculator 
is such a story, with many fascinating chapters. To understand the significance 
of this fruitful collaboration between the International Business Machines Cor- 
poration and Harvard University one would have to trace the history of this 
company, which for many years has been collaborating with leading universities 
and research organizations and continuously developing and adapting its equip- 
ment for use in the fields of scientific computations. Harvard University's need 
for a machine such as the IBM Automatic Sequence Controlled Calculator has 
long been a matter of discussion in several of the scientific departments of the 
University. Because of the well-known policy of the International Business 
Machines Corporation, Professor Aiken of our staff turned to this company to 
discuss the possibility of building a calculating machine. To quote from Mr. 
Aiken's own words, 

"Our first contact with that company was with Mr. J. W. Bryce. Mr. Bryce 
for more than thirty years has been an inventor of calculating machine parts, and 
when I first met him he had to his credit over four hundred fundamental inventions 
— something more than one a month. They involved counters, multiplying and 
dividing apparatus, and all of the other machines and parts which I have not the 
time to mention, which have become components of the Automatic Sequence 
Controlled Calculator. . . . 

"With this vast experience in the field of calculating machinery, our suggestion 
for a scientific machine was quickly taken and quickly developed. Mr. Bryce at 
once recognized the possibilities. He at once fostered and encouraged this project, 
and the multiplying and dividing unit included in the machine is designed by him. 

"On Mr. Bryce's recommendation, the construction and design of the machine 
were placed in the hands of Mr. C. D. Lake, at Endicott, and Mr. Lake called into 
the job Mr, Frank E. Hamilton. and Mr. Benjamin M. Durfee, two of his associates. 

"The early days of the job consisted largely of conversations — conversations 
in which I set forth requirements of the machine for scientific purposes, and in 
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which the other gentlemen set forth the properties of the various machines which 
they had developed, which they had invented, and based on those conversations 
the work proceeded until the final form of the machine came into being." ^ 

It is not my function in this brief foreword to attempt to summarize the 
detailed history of the development of the IBM Automatic Sequence Controlled 
Calculator; this has been done admirably in a little booklet published by the 
International Business Machines Corporation. The readers of this and subsequent 
volumes will, however, be interested in the fact that a whole series of inventions 
by IBM engineers are incorporated in the machine as basic units; the names of 
Mr, Bryce and Mr. Lake appear frequently on such a list. Here is a striking 
example of the way in which the accomplishments of engineers of a great corpora- 
tion may enrich many fields of human endeavor. While the public has frequently 
been told of the ways in which advances in pure science benefit industry, all too 
little is known of the way in which advances in industry benefit science. I hope 
the story of the IBM Automatic Sequence Controlled Calculator may to some 
degree right the balance. 

On August 7, 1944, Mr. Thomas J. Watson, on behalf of the International 
Business Machines Corporation, presented Harvard University with the IBM 
Automatic Sequence Controlled Calculator. Since that date the machine has been 
in constant use by the Navy Department on confidential work. Therefore, Mr. 
Watson's gift came at a time when the new instrument his company had created 
was able to serve the country in time of war, before being used for the peaceful 
advance of knowledge. It will serve in the future as a focal point for certain types 
of mathematical work which the machine is unique in handling. I am told it is 
already clear that highly significant discoveries in pure and applied science will 
be possible through its use. Therefore, I cannot refrain from concluding this brief 
foreword by paying tribute to Mr. Watson. Harvard is indebted to him for a 
most generous gitt; tar more imporiant, tne scienLific wun^ is iii^^D»,^a .- ...i- 
for the development by his company of new tools which he has ever been ready 
^« _„*. ^4- +1,^ ^;or^/->co1 rsf tVi*» Qripntifir and learned world- 
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James Bryant Conant 



PREFACE 

In May 1944, the Staff of the Computation Project began operations with 
the Automatic Sequence Controlled Calculator as an activity of the Bureau of 
Ships. One of the first tasks undertaken was the preparation of a report setting 
forth the coding procedures of the calculator. This was followed by detailed 
plugging instructions, which unfortunately were hardly completed before the code 
book was out of date. In the succeeding months, computing techniques were 
developed so rapidly that stabilized operating instructions could not be prepared. 

At the same time, many mathematicians, physicists, and engineers requested 
copies of such data on operating techniques as were available in the laboratory. 
This general and widespread interest encouraged the Staff to publish this Manual 
of Operation as the first volume of the Annals of the Computation Laboratory, 
rather than as a mimeographed compilation of notes as originally intended. Thus 
the Manual is unusual in that it is an outgrowth of notes prepared by the Staff 
primarily for their own use. The Manual is also exceptional in that it represents 
the work of a great many people whose efforts have been closely integrated as is 
necessary in the operation of large-scale calculating machines. Chapters I and II 
represent extensions and revisions by Lt. Grace Murray Hopper, USNR, of the 
writer's old notes, many of which were written before work on the calculator was 
begun. Chapter III was written by Lieutenant Hopper with the collaboration of 
other members of the Staff. Chapters IV and V represent the outgrowth of the 
original code book and plugging instructions prepared by the writer and Lt(jg) 
Robert V. D. Campbell, USNR. Nearly every member of the Staff has made con- 
tributions to these chapters, but Lt(jg) Richard M. Bloch, USNR, especially 
should be mentioned. Chapter VI is made up of the solutions of elementary 
examples chosen from those assigned by the Officer in Charge to new members of 
the Staff as part of their instruction in the use of the calculator. Those given 
in Chapter VI were largely the work of Lt(jg) Brooks J. Lockhart, USNR. 

The bibliography of numerical analysis is the result of the library work of 
the Staff in connection with the problems assigned to the project. Work on the 
bibliography was begun by Lt. Comdr. Hubert A. Arnold, USNR, and completed 
by Lt. Harry E. Goheen, USNR, assisted by Ens. Ruth A. Brendel, USNR. 
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The appendices were prepared by Lieutenant Hopper with the assistance of 
Ensign Brendel, Robert L. Hawkins, and Eunice H. MacMasters, Mrs. MacMasters 
drew all the figures and diagrams in the book. Ruth G. Knowiton and Frank L. 
Verdonck, Yi/c, USNR, are responsible for the typography. The photographs of 
the calculator and the films from which the plates for printing the book were 
made are the work of Paul Donaldson, photographer of Cruft Laboratory. Lieu- 
tenant Hopper also acted as general editor, and more than any other person is 
responsible for the completion of the book. 

In less than two years, twenty-three reports were completed for the Bureau 
of Ships. On the first of January 1946, the project was transferred to the Bureau 
of Ordnance under whose cognizance it is now functioning. The gratitude of the 
Staff is extended to the Bureau of Ordnance and to the Bureau of Ships for the 
privilege of working with the calculator. 

This Manual was made necessary by the existence of the calculator itself. 
The writer therefore takes this opportunity to express his appreciation to Thomas 
J. Watson, President of the International Business Machines Corporation, for his 
support during the years the machine was under construction, and to C. D. Lake, 
F. E. Hamilton, and B. M. Durfee, engineers of the company, who together with 
the writer are the coinventors of the machine. 

Howard H. Aiken 
Commander,USNR 
Officer in Charge 
Canibrid^'e Massachusetts 
March 1946 
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CHAPTER I 

HISTORICAL INTRODUCTION 

" If, unwarned by my example, any man shall imdertake and shall succeed in really 
constructing an engine embodying in itself the whole of the executive department of mathe- 
matical analysis upon different principles or by simpler mechanical means, I have no fear 
of leaving my reputation in his charge, for he alone will be fully able to appreciate the 
nature of my efforts aad the value of their results ," 

Charles Babbage 
"The Life of a Philosopher" (1864) 

The desire to economize time and mental effort in arithmetical computation, and to eliminate 
human liability to error, is probably as old as the science of arithmetic itself. This desire has led to 
the design and construction of a variety of aids to computation beginning with "groups of small objects 
such as pebbles, used first loosely, later as ' counters ' on ruled boards, and later still as beads 
moxmted on wires fixed in a frame, constituting the abacus". 

It seems most likely that the abacus originated in the Tigris -Euphrates valley,^ and that its use 
traveled both east and west along the routes of the caravans. Elaboration of the instrument and later 
development of the techniques of its manipulation made it applicable to multiplication, division, and 
even to the extraction of square and cube roots, as well as to addition and subtraction for which the 
instrument was probably originally intended. Indeed, the abacus, despite its ancient origin, is still 
in use by the oriental peoples. This long period of utility is due not only to the simplicity of the instru- 
ment, but also due to two fundamental notions inherent in its construction. Place significance, or the 
use of zero to signify an empty column, is provided by the several wires on which the beads are strung. 
Moreover, the principle of carry, whereby the (n + l)st column is increased by one when the nth has 
become exhausted, is applied in adding. 

After the invention of the abacus, five thousand years elapsed before the next computational aid 
was developed. During this time, gears and pointers were used in the design of clocks. These machine 
elements, and more especially a wheel which at the end of a complete revolution gave impetus to a 
second wheel, paved the way for the development of calculating machinery. 

In 1617, John Napier, following his invention of logarithms, published an account of his number- 

q 

ing rods, known as " Napier's bones "."^ Various forms of the bones appeared, some approaching the 
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Deginnmg oi mecnanicai compmaiion. ouosequeni lo me mtroaucnon oi logarxmniH, uia suae ruie 

was developed by Oughtred (1630), Everard (1755), Mannheim (1858) and others. The slide rule re- 
ceived wide recognition from scientists as early as 1700. Particularly in engineering design, the slide 
rule has proved an invaluable instrument. It has been increasingly applied to the solution of problems 
requiring an accuracy of not more than three or four significant figures and where the total bulk of 
the computation is not extensive. The slide rule is probably the most useful computational aid so far 
devised; its low cost, ease of construction, and the simplicity of its principle of operation and of its 
use, make the instrument of primary importance. The slide rule is probably the ancestor of all those 
calcvilating devices whose operation is based upon an analogy between numbers and physical magni- 
tudes- in which the com'^uted results are obtained b" x)hvsical measurements « Man''^ such snalos"- 
devices have since been constructed. Examples of these are the planimeter, integraph, Kelvin's tide 
predicter and finally the differential analyzer. All analogy devices, like the slide rule, are limited to 

the accuracy of a physical measurement. 

5 
It was Blaise Pascal who, in 1642, designed and built the first mechanical adding machine in 

the modern sense of the term. Incidentally, it should be noted that Pascal's machine was designed not 
to further scientific research but rather for use in his father's mercantile business. Itwas an account- 
ing machine and as such was the forerunner of the modern accoimting machine and cash register. The 
design of Pascal's machine depended upon rotating wheels and provided for carry by mechanically 
turning the wheel of next higher order one position when the lower passed from nine to zero. The 
direct actuation of a numbered wheel and the secondary feature of effecting carry (which seem to have 
been first used in an adding machine by Pascal) are the foundation on which nearly all mechanical cal- 
culating machines have since been constructed. 

Naturally, any machine designed for addition may also perform subtraction by means of comple- 
mentary numbers. The complement on ten of a number is that second number which must be added to 
the first in order to obtain a power of ten. The complement on ten of a number may be read off from 
left to right by taking the complement on nine of each successive digit except the last on the right, of 
which the complement on ten must be taken. Thus the complement on ten of 7528 is 2472. If it is de- 
sired to subtract 7528 from any number, for example, 38421, the work may be written, 
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38421 - 7528 = (38421 - 10000) + (10000 - 7528) = 28421 + 2472 = 30893. 
This procedure may further be simplified by the use of complements on nine and "end arovmd carry" . 
End aroimd carry implies carry from the highest column of a machine to the lowest column of the 
machine. The complement on nine of 7528 in a six column machine is 992471. Subtraction now becomes 

038421 + 992471 + 000001 = 030893, 
where the third term, 000001, is supplied by end around carry. 

If any number, 007364, is added to 999999, operation of the machine will yield, 

999999 + 007364 + 000001 - 007364, 
where the third term is again the result of end aroxmd carry. Since, under these conditions, 999999 is 
a number having the properties of zero for machine purposes, the complement on nine of any number 
may be adopted as the negative of the number. Clearly, an n digit calcxilating machine must be sup- 
plied with (n + 1) columns, the highest being reserved for the algebraic sign, zero and nine being 
positive and negative respectively. 

The next major development in mechanical aids to numerical computation came in 1666 when 

7 
Samuel Morland built a machine similar to Pascal's, adapted to multiplication by repeated addition. 

Q 

Independently, in 1671, Leibnitz conceived a multiplying machine and finished it in 1694. In Pascal's 

machine the wheels were set and turned individually by hand; in Leibnitz' machine all wheels were 

set and turned simultaneously ly^ a crank to a previously determined position. In the "stepped reckoner", 

Leibnitz added a device which still occurs as a component part of modern calcvilating machines. 

In the years that followed, methods of carrying were refined and calculating machines soon added 

by a process not used by the human mind. The addition of two numbers, 3279 and 8935, requires the 

following mental steps: 

3279 
8935 

4 add units digits 

1 carry 

I? add tens digits 

1 carry 

214 add thousands digits 

1 carry 

2214 add ten-thousands digits 

1 carry 
T55n 
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In adding two numbers, a machine may add all digits simultaneously, store the inuiviuuai carry num- 
bers and then perform all carrying operations simultaneously. For example, 

3279 

8935 

1104 sum without carry 
1111 carry numbers 
1221? 

Thus the machine consumes not more than two steps for any addition, no matter how many significant 

digits there may be in the terms of the addition. 

From the seventeenth century on, it was even more evident that precise and rapid methods of 

computation were required. The computation of tables of logarithms demanded by Napier's discovery, 

of tables of sines and cosines- of tables of tides nsedsd bv faster and more extensive navigation and 

of the astronomical tables envisioned by Kepler, accentuated this need. Among many others, Gauss, 

g 
Cayley , Tchebychev, Maxwell and Kelvin all attempted to devise or improve computational aids , Natu- 
rally these men all considered mechanical calculation largely from their own point of view, the desire 
to further scientific advancement. Despite this widespread interest, the development of modern cal- 
culating machinery proceeded slowly until the growth of commercial enterprise and the increasing 
complexity of accounting made mechanical computation an economic necessity . Thus the ideas of the 
physicists and mathematicians, who foresaw the possibilities and gave the fimdamentals, were turned 
to excellent purposes, but differing greatly from those for which they were originally intended. 

It was not imtil just before the beginning of the nineteenth century that any attempt was made to 
build highly specialized calculating machines designed for the mathematical and physical sciences. A 
Sessian military engineer, J. H. Muller,^^ seems to have had the first idea of a difference engine in 
1786. But this idea remained in a purely theoretical state and was without doubt forgotten when, in 
1812, it occurred to Charles Babbage and he set about the actual construction of such an engine. 

This engine was to "perform the whole ope ration -(the computation and printing of tables of functions) 

..12 
-without any mental attention when once the given numbers have been put into the machine".* A first 

model was built in 1820-22 and consisted of six columns using second differences. In 1823, the con- 
struction of an engine using twenty-six significant digits and sixth differences was begun with the aid 
of a subvention from the British government. The construction continued until 1833 when the govern- 



HISTORICAL INTRODUCTION 

ment aid was withdrawn. The unfinished machine is preserved in the collections of the Science 
Museum in South Kensington. It should be borne in mind that the difference engine, although a highly 
useful scientific instrument, was still a specialized machine being intended for the sole purpose of 
tabulating the values of a function for equidistant values of the argument. 

Having been unable to complete the difference engine, Babbage embarked upon the creaticai of a 
far more ambitious concept, an " analytical engine ". Though the terms of the problem proposed 
were enough to stagger the contemporary imagination, he attempted to design a machine capable of 
carrying out not just a single arithmetical operation, but whole series of such operations without the 
intervention of an operator. The numbers in the first part of the machine, called the "store", were to 
be operated upon by the second part of the machine, called the "mill". A succession of selected oper- 
ations were to be executed mechanically at the command of a "sequence mechanism" (a term unknown 

to Babbage). For this latter, he intended to use a variation of the Jacquard cards .^^ 

15 
These cards, the precursors of Hollerith^ punched cards, were used by the Jacquard weavers 

to control the looms to produce and reproduce the patterns designed by the artists. The designs were 

first sketched as they were to appear in the finished product, transferred to squared paper and used 

as guides for punching the cards. The cards allowed certain needles to be extended through the punched 

holes, thereby controlling hooks which, in turn, raised particular warp threads to produce the desired 

pattern. In order to continue the weaving of the same design, the cards were interlaced with twine in 

an endless sequence so that one card was brov^ht into position immediately after another was used. 

Holes were punched for the lacings as weU as for the pegs which guided the cards over a cylinder. 

In adapting these cards for use in his machine, Babbage required two decks: one of variable 
cards and one of operational cards. The first set was designed to select the particular numbers to be 
operated upon from the store; the second set, to select the operation to be performed by the mill. The 
deck of operation cards therefore represented the solution of a mathematical situation independent of 
the values of the parameters and variables involved. Thus the analytical engine was to have been 
completely general as regards algebraic operations. 

In order to use selected values of transcendental and other functions, the engine was to be equip- 
ped with a mechanism to call for such functions. Having stopped and rung a bell, a certain part of the 
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machine would indicate that a particular value of a particular function was required. The attendant 
would then insert a punched card containing the desired function and its argument. The machine then 
checked the card to make sure that it was the one requested, by subtracting the argument of the in- 
serted card from the argument standing in the machine. If the difference was zero, the engine would 
continue its computation. If an incorrect card was supplied, the engine would "ring a louder bell and 

stop".^^ 

As in the difference engines, the analytical engine was to print its own results. Further, a 
mechanism was to have been added for punching numerical results in blank cards for future use. In 
this way, the engine could compute the tables required and punch its own cards " entirely free from 

_ _» 17 
errOr . 

In 1852 Charles Babbage said: "At a period when the progress of physical science is obstruct- 
ed by that exhausting intellectual and mental labor indispensable for its advancement, which it is the 
object of the Analytical Engine to relieve^ think the application of machinery in aid of the most com- 
pUcated and abstruse calculations can no longer be deemed unworthy of the attention of the country. 
In fact there is no reason why mental as well as bodily labor should not be economized fay the aid of 
machinery".-^^ He felt most strongly that the time must arrive when no table would ever be calculated 
or printed except by machine. It was of the utmost importance, he thought, to accelerate the arrival 
of the time, "when the completion of a calculating engine shall have produced a substitute for -{manual 
computation, so that) -the attention of the analysts will naturally be directed to simplifying its appli- 

1Q 

cation by a new discussion of the methods of converting analytical formulae into numbers" .'- 

In 1834, George Scheutz,^®a printer in Stockholm, built a less ambitious difference engine with 
the aid of a grant from the Swedish government. The machine was completed in 1853 and used for the 
computation and printing of tables of logarithms, sines and logarithms of sines. It was exhibited at 
the Paris exposition in 1855 and later became the property of the Dudley Observatory in Albany, New 
York. From Sweden also came Wiberg's difference machine^^ (1863) which was presented to the 
Academy of Sciences in Paris by the astronomer Delaunay. 

One of the first Americans to build a difference machine was G.B.Grant of Cambridge, Massa- 

22 
chusetts, who needed a machine for his " computing for excavation and embankment " . Encouraged 




^ 



II Front View of the Calculator 




m Front View of the Calculator 
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in his designs by Professor Wolcott Gibbs of the Harvard Mining School, Grant successfiilly built a 
small model in 1871 under Professor Benjamin Peirce,then superintendent of the Coast Survey. This 
machine was designed to contain the usual calculating and printing parts contained in Babbage's and 
Scheutz' engines, but with considerable improvement in the printing mechanism,^^ Grant's indebted- 
ness for assistance in his study was expressed to John N. Bachelder of Cambridge and to Professors 
Eustis, Winlock, and Whitney of Harvard. 

In 1893, Torres restated Babbage's problem: to construct a purely automatic calculator capa- 
ble of carrying out any succession of arithmetical operations on any given numbers, without human 
intervention from the time when the operations have been indicated until the time when the machine 
sends the results to a printing device. Torres had available electro-mechanical counters and both 
electrical and mechanical controls. He gave a solution to the problem and proved that such a machine 
was theoretically possible, although his solution was not free from certain complications due to the 
multiplicity of the electrical connections assumed. 

Despite the partial successes of Scheutz, Wiberg and Grant, the problem of designing calculating 
machinery was abandoned by the students of science and left in the hands of the inventors. For the 
purposes of accounting, these men, both in this country and abroad, with the aid of the improved ma- 
terials and tools created during the industrial revolution, succeeded in bringing key driven calculating 
machines to a high state of perfection. The use of punched cards as a means of storing numbers and 
all the associated mechanisms, developed by Bryce, Carrol, Lake, Hamilton, Daly and Durfee of the 
International Business Machines Corporation brought the possibility of scientific calculating machinery 
again into a position where the situation covild be viewed with some hope of success. 

In 1906,H.P.Babbage,son of the philosopher, completed a part of the analytical engine. A table 

of multiples of -r which it computed to twenty-nine significant digits was published as a specimen of 

25 
its work. Clearly then, Babbj^e's failure to complete either of his projects himself was not due to 

a lack of understanding of the principles and purposes of the engines that he designed, but rather to 

his lack of machine tools, materials of construction and electrical circuits. Of these deficiencies, the 

first was probably the most important. Also, Babbage was a "natural philosopher ".^^ His machines 

were perforce built by hired engineers .^"^ He himself was not " well -acquainted " with the medium in 
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was successfvd to a limited extent, it remained for the twentieth century and the evolution of advanced 
mechanical and electrical engineering to bring his ideas into being. 

References 

1. D. Baxandall, Catalogue of the Collections in the Science Museum, South Kensington. Mathe- 
matics I Calculating Machines and Instruments (1926), p. 7. 

2. F. Cajori, History of Mathematics (1919), p. 7; L. Jacob, Le calcul mecanique (1911), p.3; C.G. 
Knott, The calculating machine of the east: the abacus, in Modern Instruments and Methods of 
Calculation, E. M. Horsburgh, ed. (1914), pp. 136-154; M. d'Ocagne, Le calcul simplifie (1905), 
p. 7. 

3. G. A. Gibson Napier and the invention of logarithms, in Modern Instruments and Methods of 
flalf-'ilstinrs. H. M. Horsbursh. ed. (1914). dd. 1-16. 

4. F. Cajori, History of the Logarithmic Slide Rule (1909); F, Cajori, William Oughtred (1916); A. 
Galle, Mathematische Instrumente (1912), pp. 1-21; Jacob, op. cit., pp. 96-109; d'Ocagne, ibid., 
pp. 105-128; G. D.C.Stokes, The slide rule, in Modern Instruments and Methods of Calculation, 
E.M. Horsburgh, ed. (1914), pp. 155-180. 

5. S. Chapman, Blaise Pascal (1623-1662), Nature, 150; 508-509 (1942); d'Ocagne, ibid., pp. 24- 
31; J. A. V. Turck, Origin of Modern Calciilating Machines (1921), pp. 11-13. 

6. Crompton Patent, U. S., No. 1514954, claim no. 7. 

7. Baxandall, op. cit., pp. 8, 14-16; d'Ocagne, ibid., p. 30. 

8. Jacob, op. cit., pp. 39-46; d'Ocagne, ibid., p. 30; M. d'Ocagne, Machines a calculer (1922), 
pp. 21-23. 

9. Baxandall, op. cit.; Jacob, op. cit.; d'Ocagne, ibid.; Modem Instruments and Methods of Calcu- 
lation, E. M. Horsburgh, ed. (1914). 

10. F. Cajori, History of Mathematics (1919), p. 485; Jacob, op. cit., pp. 114-115; d'Ocagne, Le 
calcul simplifie" (1905), p. 82. 

11. Charles Babbage, Passages from the Life of a Philosopher (1864), chap. V, "Difference Engine 
No. I", pp. 41-96; Baxandall, op. cit., pp. 30-34. 

12 . Babbage , ibid ., p . 41 . 

13. Babbage, ibid., chap. VIH, "Of the Analytical Engine" , pp. 112-141; Jacob, op. cit., pp. 188-190; 
P. E. Ludgate, Automatic calculating machines, in Modern Instruments and Methods of Calcu- 
lation, E.M. Horsburgh, ed. (1914) pp. 124-127. 

14. Babbage, ibid., pp. 116-117. 

15. E. A. Posselt, The Jacquard Machine (189-?), pp. 9, 17-20, 85-102. 

16. Babbage, ibid., pp. 119-120. 



HISTORICAL INTRODUCTION 

17. Babbage, ibid., p. 122. 

18. Babbage, ibid., p. 106. 

19. Charles Babbage, Economy of Machinery and Manufactures (1846), p. 195. 

20. Charles Babbage, Passages from the Life of a Philosopher (1864), p. 48; Baxandall, op. cit., 
pp. 32, 34-36; Jacob, op. cit., pp. 115-117; d'Ocagne, ibid., pp. 83-86. 

21. Jacob, op. cit., pp. 117-123; d'Ocagne, ibid., pp. 86-87. 

22. G. B. Grant, On a new difference engine, American Journal of Sciences and Arts (3) 2; 113-117 
(1871). 

23. Jacob, op. cit., p. 45. 

24. Jacob, op. cit., pp. 165-169, 189-200; d'Ocagne, ibid., p. 95; M. d'Ocagne, Machines a calculer 
(1922), pp. 49-53. 

25. Ludgate, op. cit., p. 127. 

26. Cf. the title of his book, "Passages from the Life of a Philosopher". 

27. Babbage, ibid., pp. 79-82. 

28. Babbage, ibid., p. 92. 



10 



CHAPTER II 

DESCRIPTION OF THE CALCULATOR 

"Interpolation ist die Kunst zwischen den Zeilen einer Tafel zu lesen." 

T.N. Thiele 
"Interpolationsrechnung". (1909) 

Although a method of interpolation bearing some resemblance to modern central difference 

1 2 

formulae was used by Briggs in 1624, it was not until 1670 that James Gregory introduced the notion 

of interpolation based upon the representation of functions by means of approximating polsmomials. 
The use of approximating pol3rnomials reduced the whole problem of the tabulation and subtabulation 
of functions, over a limited range of the argument, to the arithmetical operations of addition and sub- 
traction alone, once the necessary initial differences were established. Thereby the basic principle 
was given for the operation of the difference engines briefly mentioned in the foregoing chapter. 

Further development of the theory of interpolation by Newton, Stirling and others laid the fovin- 
dation for the Calculus of Finite Differences set forth as a new branch of mathematics by Taylor in 
1715". Since that time the subject has been increasingly developed so that now a variety ottecnniques 
are available for numerical differentiation and for the numerical evaluation of definite integrals . The 

latter include the formulae of Gregory, Cotes, Euler-Maclaurin, Simpson, Weddle, Gauss, Tchebychev 

4 
and Steffensen . 

In 1883, Adams and Bashforth , using the methods of finite differences, devised a technique for 

the numerical solution of ordinary differential equations . This has been followed by many other methods , 

R 7 

that given by Runge in 1895 , and improved and extended by Kutta in 1901 being, perhaps, the best 

known. More recently methods have been given for the numerical solution of partial differential 
equations. The extension and application of these methods present one of the most important prob- 
lems in mathematics at the present time. 

In every case, the effect of the numerical methods has been to reduce the processes of mathe- 
matical analysis to a sequence of the five fundamental operations of arithmetic: addition, subtraction, 
multiplication, division and reference to tables of previously computed results. Thus the calculus of 
finite differences has become the bridge between mathematical analysis and numerical computation. 




IV Rear View of the Storage Counter Unit and the Multiply- Divide Relay Panel 




V Rear View of the Multlply-Dlvide Counters and Rela^ Panel 
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Unfortunately, the application of numerical methods is attended by a relatively great amount of compu- 
tational labor, so that while existing types of calculating machinery are sxifficient from a theoretical 
viewpoint, they are entirely inadequate from a practical standpoint. It is for this reason that the 
Automatic Sequence Controlled Calculator has been constructed. 

In 1937, the calculator was visualized " as a switchboard on which are mounted various pieces 

of calculating machine apparatus. Each panel of the switchboard is given over to definite mathematical 

8 
operations." It stands today much as originally imagined, in a stainless steel and glass case, fifty- 
one feet long and eight feet high, (Plates n and HI). Two panels, each six feet long, extend at right 
angles from the back of the machine. Between these two panels is the four horsepower motor which 
drives the mechanical parts, (Plates IV and V). Altogether the machine weighs about five tons. 

The calculator is equipped with a central multiplying and dividing unit together with seventy-two 
adding-storage registers and sixty constant registers corresponding to the mill and store of Babbage's 
proposed analytical engine. In addition, the machine is supplied with electro-mechanical tables of 
log X, ICr and sine x. Three non-linear interpolator units are capable of interpolation of any order 
up to and including the eleventh, on functions supplied to them in the form of perforated paper tape. 
Other computing elements included are: two card feeds for supplying the machine with empirical or 
other data, a card punch for punching results in tabulating machine cards, two automatic typewriters 
for recording computed results and an automatic sequence unit having control of the machine as a whole. 

The sequence control unit, shown in Plate VI, consists of a main drive sprocket drum over which 
runs a perforated paper tape, called a control tape, together with such gears, cams and clutches as 
are necessary to advance the drum and tape one line of perforations at a time. The tape is strung on 
racks in back of the machine as shown in Plate VII and held taut by a roller just below the sequence 
mechanism. The sequence unit is equipped with a set of twenty-four sensing pins, controlled by a 
crosshead, which are advanced at the end of each forward step of the tape to detect the distribution of 
holes in one line of the tape and to close electric contacts in the same distribution. 

Each horizontal line of the tape has space for twenty-four equidistant holes, these being con- 
sidered as three groups of eight holes each, known as the A, B and C groups, (Plate VI). The A group 
of holes controls the " out-relays " by means of which all units in the machine are connected to the 
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central distribution buss over which numbers are transferred from one unit to another with the aiu Oi 
timed electrical impulses later to be described. The B group of holes controls the "in-relays" of all 
of the units in the machine. These also connect the units to the central distribution buss, and when 
closed, permit the egress of numbers from the buss into the units. Finally, the C group of holes repre- 
sent, in general, an operation to be performed on the number in vmit A in connection with the number 
in unit B. 

Each horizontal line of holes perforated in the tape is the equivalent of a single spoken command, 
"Take the number out of imit A; deliver it to unit B; start operation C." Since the A, B and C groups 
of perforations each contain eight holes, the maximum number of out, in or miscellaneous operational 
Tslavs which "sp, he controlled bv the machine is 2 = 256 each. The maximum Dossible number of 
commands which can be represented by a single line of holes is 2 = (256)'' = 16,777,216. Actually, 
many of these are not used, and many others are invalid because of special features to be made clear 
in Chapter IV on Coding. The number of combinations of coded perforations in use at present is con- 
siderably smaller than the maximum possible number. In any event, a very great many possibilities 
are available in each line of perforations. Since the number of consecutive lines of holes is in no way 
limited, it is apparent that control tapes may be provided with great generality. The reiteration of 
the single command, "Take the number out of unit A; deliver it to unit B; start operation C", permuting 
A and B over the various units of the machine, while changing the nature of the operation C, is suf- 
ficient to guide the machine through any problem of mathematics capable of reduction to the five 
fundamental operations of numerical analysis. 

At the left of the machine, as well as at the left of Fig. l,are the sixty constant registers. Each 
constant register consists of twenty-four manually set ten-pole dial switches designed to accommodate 
twenty-three digits and the algebraic sign. Becavise of their composition, the constant registers are 
commonly known as the sixty "switches". Each constant register or switch is connected to the buss 
throi^h its out-relay, (Plate VIII), and each is connected to the common transfer terminal of the storage 
register invert relay. The normally closed and normally open contacts of this relay are in turn con- 
nected to the direct and invert cam controlled contacts, respectively, which furnish the timed electrical 
impulses necessary to the transfer of numbers via the buss. 
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To the right of the switches, Fig. l,are shown diagrammaticaliy the seventy-two storage regis- 
ters. Each storage register consists of twenty -four electro-mechanical counter wheels. The storage 
registers, usually referred to as "storage counters" or more briefly as "counters", have electrical 
connections similar to those of the switches. In addition, each storage counter is provided with an in- 
relay connected to the buss, a complete set of carry controls and a connection to the negative terminal 
of the generator. 

Plate IX shows a close-up view of twelve columns of the storage counters 16 and 17 as seen from 
the front of the calculator while Plate X shows the relays associated with storage counters in general 
and mounted at the back of the machine . 



counters 1, 2, 3, ..., 71, 72 are 1, 2, 21, ,.,, 7321, 74 respectively, while the code numbers of switches 
1, 2, 3, ...,59, 60 are 741, 742, 7421, ..., 821, 83 respectively. Similarly, all operations in the cal- 
culator have assigned code numbers. For example, code 32 in the operational or miscellaneous group 
C controls the storage counter invert relay, and hence is themathematicaleqxiivalentof a minus sign. 
A complete discussion of all codes will be found in Chapter rv on Coding; the few here given will suf- 
fice for present purposes. 

Now let it be required that the number x in storage counter number 3, code 21, be added to the 
number y in storage covmter number 71, code 7321. This operation may be written. 



Take x from ctr. 3 and add it into ctr. 71. 



On the other hand, if it is required to subtract x from y , the coding will be written, 



OUT 


IN 


MISC. 


21 


7321 





OUT 


IN 


MISC. 


21 


7321 


32 



Take x from ctr. 3 and by means of the invert relay add 
its complement on nine to ctr. 71; i.e., subtract x now 
in ctr. 3 from y in ctr. 71. 

Returning to Fig. 1, the perforations in the control tape corresponding to code 21 in the Out 

column, as interpreted by the sequence mechanism, cause the closure of the out- relay of counter 3, 

while the code 7321 in the In column causes the closure of the in-relay of counter 71, The blank in 

the Miscellaneous column of the coding is interpreted as a plus sign leaving the storage counter invert 




VI Sequence Control Mechanism 




Vn Tape Racks 
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relay in its normally closed position. Thus a complete electrical circuit exists beginning at the posi- 
tive terminal of the generator, passing through the cam contacts; through the normally closed contacts 
of the storage counter invert relay into counter 3; through covinter 3 and its out- relay to the buss; from 
the buss to counter 71 through its in-relay; through counter 71 and finally back to the negative termi- 
nal of the generator. Hence, the timed electrical impulses produced by the cam contacts are enabled 
to transfer the quantity in counter 3 to counter 71 and bring about addition. The detailed mechanisms 
by which this is accomplished will be described in Chapter IE. 

When it is required to subtract x from y , the whole operation is the same except that code 32 
in the Miscellaneous column causes the storage coimter invert relay to transfer its contacts. This 
causes the complement on nine of x to be read out into the buss instead of x itself. Since all storage 
counters are equipped with complete carry controls, including end around carry, addition of the comple- 
ment on nine completes the process of subtraction as demanded in the example . 

Before further considering the functions of the storage counters, it is necessary to discuss 
briefly the means by which the calculator is kept in continuous operation. Most mechanisms, once 
started, remain in operation until signalled to stop. By contrast, the calculator continues in operation 
only so long as the command "continue operation" is repeated, cycle by cycle, and immediately stops 
on the first occasion on which this command fails of being given. A 7 in the Miscellaneous column of 
a line of coding instructs the sequence mechanism to continue operation; i.e., to read the next line, 
act upon it and step to the line beyond. Every line of coding must contain a 7 in the Miscellaneous 
column or its equivalent in the form of some other automatic continue operation code. Since the storage 
counter codes are not such "automatic codes", the two examples of coding already cited should read, 



Take x from ctr. 3 and add it to y in ctr. 71. 



Take x from ctr. 3 and subtract it from y in ctr. 71. 

From what has so far been said it should now be clear that the storage coimters serve more than 

one purpose. Each is a complete adding and subtracting machine, and functions as a storage or memory 



OUT 


IN 


MISC. 


21 


7321 
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21 


7321 


732 



device, thereby providing the calculator with brackets, parentheses and other signs of association as 



16 



DESCRIPTION OF THE CALCULATOR 

requirea in matnematicai expressions, m aaaxiion, reiaya ajsauuititcna wim cawi ,^^^^,.^^ ^.^ 

functions not indicated in the single line diagram, Fig. 1, for reasons of clarity. The nature of these 
electrical controls will be set forth in Chapter III; however, their mathematical significance may be 

given here. 

The quantity in each storage counter may be read out as either a positive or negative absolute 
value under the control of the operational codes 2 and 1, respectively, in the Miscellaneous column of 
the line of coding. For example, if x lies in storage counter number 23, code 5321, and y in counter 
number 34, code 62, then |x| + y may be obtained in counter number 34 by the line of coding. 



OUT 


IN 


MISC. 


5321 


62 


72 



Add 's' to ^". 
The use of absolute magnitudes provides the calculator with a means of dealing with discontinuous 

functions. For example, 

(x+ !x|)/2x = Oor 1, 

according as x is negative or positive. 

Each storage counter may be reset to zero by reading into the counter the complement on ten of 
the quantity standing in the counter while the carry controls are disabled. This is accomplished for 
any storage coxmter whose code is A, by the line of coding. 



OUT 


IN 


MISC. 


A 


A 


7 



Reset ctr. A. 

Inasmuch as a blank other than 7 in the Miscellaneous column of coding has been defined as a plus 
sign, the reset coding requires further explanation. The resetting operation is one which occurs with 
great frequency. To eliminate the necessity ofwriting and rewriting a special reset code in the Miscel- 
laneous column, special wiring is included in the machine such that the duplication of a storage counter 
code in both the Out and In columns of a line of coding resets the counter concerned. 

Of all the computing elements in the calculator, the storage counters are the simplest. There- 
fore it is relatively easy to alter and to add to their electrical circuits in such a way as not to interfere 
with their normal functioning, but at the same time introduce added possible operations. A number of 
such special operations have been required in the past, and have been permanently built into the machine . 
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Counter 70 has been equipped with relay circuits which prefix the algebraic sign of the quantity 
in counter 70 to the positive absolute value of the quantity standing in any other storage counter when 
the latter is read out under the code 432 in the Miscellaneous column. This feature is especially 
valuable when dealing with the interpolation of odd functions, since it is only necessary to evaluate 
f(x) in order to have available f(-x) = - f(x) . Counter 70 is usually called the choice counter for 
reasons which are not immediately obvious. For instance, the choice counter makes it possible to 
use the two identities, 

arc tan |x| = Tr/2 - arc tan l/|x|, 
arc tan (-x) = - arc tan x , 
to reduce the labor of computing f(x) = arc tan x, - oo < x < + a3 . If |x| - 1 is read into counter 70, 
and (l/|x| + |x|)/2 and (l/tx| - |x|)/2 are stored in counters B and C respectively, the addition of C 
to B under control of counter 70 will give in counter B, 

z=(l/|x| + |x|)/2- (l/|x| - |x|)/2 =|x|, if [x|< 1; 

z =(l/|x| + |x|)/2 + (l/|x| - |x|)/2 =l/|x|, if |x| >1. 

Thus only arc tan z, ^ z i 1, need be computed by the machine and stored in counter D. If x/4 and 
7r/4 - arc tan z are stored in counters E and F respectively, the addition of F to E under control of 
the choice counter gives in counter E, 

u = •T/4 - arc tan z - 'w/4 = - arc tan z 

= - arctan |x|, if jx| < 1; 

u = Tf /4 - arc tan z + "k/^ = ir/^ - arc tan z 
= -K/l - arctan l/|x|, if |x| > 1. 

Transferring u to coimter G under control of the choice counter gives 

V = arctan |x|, if |x| i 1; 

V = -Jr/2 - arctan 1/ |x| = arctan [x|, if |x| > 1. 

It now remains only to prefix the algebraic sign of x; the choice counter is therefore reset and x read 
in. The read-out of v to counter H imder control of the choice coxinter completes the evaluation of f(x), 

f(x) = arctan x = arc tan |x|, x >+ 0; 

f(x) = arctan x = - arctan |xj, x S - 0. 
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OUT 
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MISC. 
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732 


72 


741 


732 


732 


C 


B 


7432 



Inasmuch as the manipulation of the choice counter in the computation of are tan x is typical of 
many similar applications, the necessary coding wiU be given in detail. 

Let counter A =x, counter B = (l/|xi + |x|)/2, counter C = {l/|x| - |x|)/2, 
switch 1=1, switch 2 = '7r/4 
and counters D, E, F, G, H and 70 be reset and available for computation^ 

jxi to ctr. 70 

- 1 to ctr. 70 

ctr. C to ctr. B under control of ctr. 70; ctr. B = z 
™. _ -_^_.,i_i__ ^„i-^<, «««foT, ^ onH HciiTTi^ra if to counter D. 

x/4 to ctr. E 
X/4 to ctr. F 

- arc tan z to ctr. E 

ctr. F to ctr. E under control of ctr. 70; ctr. E = u 
ctr. E to ctr, G under control of ctr. 70; ctr. G = v 
reset ctr. 70 
xto ctr. 70 
arc tan x to ctr. H 

The use of the choice counter to construct discontinuous functions and to choose among two or 

more functions is treated in detail in Chapter IV. 

Associated with counter 71, the " multiple in-cut " counter, are a special set of carry controls 
which make a tv/elve column storage register out of the twelve high order columns of the counter. This 
twelve column counter is complete with end around carry, can be independently reset and does not in 
anyway interfere with thenormal twenty -four column functioning of counter 71. As shown in Fig. 2,the 
multiple in-out counter has extra in- and out-relays which connect the upper twelve columns of the 
Gounterto eitherthe upper orthe lower twelve columns of the buss. Mathematically, this is the equiva- 
lent of multiplying by 1 or 10^^ ^,v,en numbers are read into the counter and by 1 or 10-12 ^^.en 



742 


E 


7 


742 


F 


7 


D 


E 


732 


F 


E 


7432 


E 


G 


7432 


732 


732 


7 


A 


732 


7 


G 


H 


7432 



DESCRIPTION OF THE CALCULATOR 



19 



FROM FIG. I 



BUSS COLS. I- 12 



n 



TO FIG. 3 



BUSS COLS. 13-24 



FROM FIG. 



OUT 
RELAYS 



IN 
RELAYS 9 



I 



COLS. 13-24 



1 "Ll 



Zl 



n •- COLS. 1-12 



MULTIPLE -IN- OUT COUNTER 
(COUNTER 71) 



DIRECT Cl 
READ- OUT 

GAM 
CONTACTS 



STORAGE 

COUNTER 

INVERT 

RELAY 



i3 



INVERTED 
READ-OUT 

CAM 
CONTACTS 



TO FIG. ^ 



50 VOLT D.C 



Figure 2 

numbers are read out of the counter depending upon the operational codes employed. (See Chapter IV, 
Coding, Multiple In-Out Counter.) In all problems requiring less than twelve significant digits for 
computation, the transfer of numbers through counter 71 permits the storage of two quantities in each 
of the seventy-two storage counters, thus doubling the storage capacity of the machine. The function 
of the multiple in- out counter is most valuable in statistical computation where the quantities dealt 
with are large in number and of low accuracy. 
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of accuracy, so do the " ganged counters ", 68 and 69, double the accuracy of the machine at the ex- 
pense of storage capacity. Counters 68 and 69 are equipped with special carry controls such that they 
function as a single storage register consisting of forty-six columns and the algebraic sign which is 
repeated in the two component counters. Since this feature has been proved to be of considerable value 
in high accuracy computation, counters 64 and 65 have likewise been ganged together. Needless to say, 
the inclusion of the special carry controls on counters 64, 65, 68 and 69 do not interfere with their nor- 
mal functions. Two lines of coding are required to make a single forty -six column addition, since the 
two parts of the number must be added successively. An 8 prefixed to the ordinary read-in codes of 
4.i,Q syar.o-pd r»m;ntprs nicks un the soecial carry controls. The addition of A + B, a forty-six column 
quantity lying in counters 35, 34, codes 621, 62, to C + D, standing in counters 69, 68, codes 731, 73, 
is coded as : 



Add A + B to C + D with special carry controls. 



The most important of the specialized storage registers is the automatic check counter, 72. 
Mathematically all checks may be reduced to determining that a given quantity c is less in absolute 
magnitude than a selected positive tolerance, t; i.e., that t - lc| > 0. The use of the check counter is 
based upon the notion that this inequality will be evaluated in counter 72. Obviously, an end around 
carry wiU occur when - |c| is added to t, if and only if the inequality holds. The coding for the check 
procedure is : 
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64 



Check the quantity in ctr. C against the positive 
tolerance in sw. or ctr. T. 



where the code 64 is an automatic continue operation code if and only if an end around carry takes 
place in the check counter. If t - |c| ^0, no end around carry will take place, the machine will receive 
no command to continue operation and will therefore stop. 
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The registers given over to multiplication and division are shown in Plate XI. While the counter 
wheels and allied controls involved in these two operations are electrically interconnected, in such a 
way that both multiplication and division cannot be carried on at the same time, the basic mode of 
operation is better explained in terms of two separate schematic diagrams, Figs. 3 and 4. In the case 
of multiplication, the multiplicand and the multiplier are read into the imit through in-relays connected 
to the buss as in the case of the storage coimters. The out-relay, however, through which the product 
is read out of the multiply unit, connects to the buss through a plugboard provided to fix the decimal 
point relation between the product counter and the buss. 

The location of the decimal point is of no importance as far as the operation of the storage 
counters is concerned. When the operating decimal point is assumed to lie between columns n and 
n + 1 in the switches and stors^e counters, the corresponding decimal point in the product covmter 
will lie between columns 2n and 2n + 1 . Clearly, the product counter must contain forty -six columns 
and the algebraic sign. Since only twenty-three of these columns and the algebraic sign may normally 
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selection of the columns to be read out based upon the location of the operating decimal point. The 
plugging must be manually adjusted before the machine is placed in operation. 

Since the coding for multiplication must select the mxiltiplicand and multiplier and deliver the 
product, it consists of three lines: 



Multiply X in ctr. 56, code 654, by y in ctr. 18, code 52, 
and deliver the product xy to ctr. 13, code 431. 



There are no 7's in the Miscellaneous column of the lines of coding selecting the multiplicand and 
multiplier and delivering them to the multiply unit. These are omitted because the code B 761, the 
multiply code, is an automatic continue operation code and therefore replaces the 7's. No longer 
does each line of coding correspond to a single operation of the machine. The first line of coding de- 
livers the multiplicand to the multiply unit, and turns over control of the calculator to a subsidiary 
sequence control within the multiply unit itself. The unit builds up and stores a multiplication table 
consisting of the nine integer multiples of the multiplicand. The multiply unit then signals the sequence 
control and calls for the multiplier. The process of multiplication is completed, within the unit, by 
withdrawing such multiples of the multiplicand as may be indicated by the multiplier and adding them 
together while shifting them to the proper columnar position. Upon completion of this summation, 
control of the machine is turned back to the main sequence mechanism and the product delivered as 
indicated by the third line of multiply coding. 

In the event that one or both of the factors involved in a multiplication are negative numbers, 
this fact is sensed and stored by the multiply unit. The factors are then treated as positive absolute 
magnitudes for use in the multiplication. FinaUy the proper algebraic sign is appended to the product 
and it is read out directly or inverted as required. 

The buss is used during the multiplying operation only three times. If properly timed, other 
operations involving the buss but not involving either multiplication or division may be carried on 
during multiplication. Such operations are known as " interposed operations " and are considered in 



23 



DESCRIPTION OF THE CALCULATOR 



detail under Multiplication in Chapter IV. Note that division as well as multiplication is excluded be- 
cause, as previously mentioned, these operations are electrically interconnected. 

When the operating decimal point of the calculator is assumed to lie between colimins twenty- 
three and twenty-four, the corresponding decimal point in the product counter will fall between column 
forty-six and the algebraic sign. For this case, the multiply unit is equipped with a special out-relay 
permitting the read-out of columns one through twenty-three of the product counter to the buss. The 
normal multiplying operation, with suitable plv^ging, delivers columns twenty-four through forty-six 
of the product counter to columns one through twenty-three of the buss as usual. The use of the special 
low order product out-relay in effect provides the machine with forty -six column products as obtained 
from twenty-three column factors. The coding for this operation is as follows: 



Multiply X in ctr. 56, code 654, by y in ctr. 18, code 52, 
and deliver forty-six columns of the product xy to ctrs. 
69, 68, codes 731, 73. 



Note that the line of coding dictating the low order product out must immediately follow the normal 
product read-out in order to preserve the algebraic sign and deliver it to both counters receiving the 
product. 

One of the two pairs of ganged counters may be used in combination with this special product 
read-out to build up the product of two quantities, either or both of which may consist of forty-six or 
fewer digits. The error in such a multiplication will be less than or equal to 2.7 x 10" . Thus if the 
quantity stored across coimters A and B is multiplied by the quantity stored across counters C and D, 
three multiplications, A x C, A x D, B x C, will be performed and the products summed in the ganged 
counters. The product B x D is neglected since it is below the capacity of the machine. Examples of 
the coding of such multiplications will be found under High Accuracy Computation in Chapter IV. 

Although the organization of the multiply unit is far more complex than that of the storage counters , 
it is nevertheless possible to alter the multiplying circuits to permit special operations . For example, 
it is sometimes required to print a function having a very wide range of values. In this case, it is 
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convenient to print a fixed number of significant figures together with an associated power often. The 
"normaiiztng register", in conjunction with the multiply xinit, accomplishes this purpose by shifting a 
quantity so that its first significant digit appears in column twenty-three and recording the amount of 
the shift. The amount of shift combined in a storage counter with a constant dependent upon the 
position of the operating decimal point supplies the exponent required. Further examples of special 
controls associated with the multiply unit will be described later in connection with the discussion of 
the electro- mechanical tables of the elementary transcendental functions. 
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Division like multiplication requires three lines of coding. These read the divisor and dividend 
into the divide imit and deliver the quotient to its specified destination using the connections shown 
diagrammatically in Fig. 4. 
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Divide x in ctr. 3, code 21, by y in ctr. 4, code 3, and 
deliver the quotient to ctr. 5, code 31. 



After the divisor and dividend are read into the unit, they are shifted and stored so that their 
first significant digits appear in the highest column of the registers in which they are stored. The 
number of columns that the dividend was shifted and the complement on nine of the number of columns 
the divisor was shifted are added together in the " Q-shift" counter. A constant dependent upon the 
position of the operating decimal point is supplied to the Q-shift counter by a manually preset switch 
known as the divide switch. Since the Q-shift counter is not equipped with an end around carry circuit, 
the addition of a one in the units column completes the determination of the number of columns the 
quotient must be shifted when it is read out into the buss in proper decimal position. A one added into 
the units column of a covinter to compensate for a missing end around carry is commonly known as an 
"elusive one". 

As soon as the divisor is delivered and control of the calculator turned over to the divide xmit, 
a table of the nine integer multiples of the divisor is built up and stored within the unit. When called 
upon, the main sequence mechanism delivers the dividend. Under the subsidiary sequence control, the 
m\iltiplesof the divisor are compared with the dividend and the largest multiple less than the dividend 
selected. This multiple is then subtracted from the dividend while the digit defining it is entered in 
the quotient counter. The process of division is continued in this manner, successively comparing, 
subtracting and shifting to the right. Since the successive subtractions involve different columnar 
positions of the dividend counter, an end around carry cannot be provided. The subtractions are ac- 
complished by means of complements on nine together with elusive ones introduced into the units 
column of each succeeding subtrahend. As the subtractions move to the right, ones appear on the left 
since the multiples of the divisor consist of at most twenty-four columns and do not have sufficient 
nines to the left to fill the dividend counter. However, when the digits of the remainders are selected 
for comparison the extra ones are omitted. Assuming a six column machine, the subtractions appear 
as follows: 
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If, upon comparison, the calculator finds that all multiples of the divisor are greater than the dividend 
or the remainder under consideration, a zero or "no-go" is entered in the quotient counter and a new 
comparison made one column to the right. When the division is terminated, the dividend counter will 
contain a series of ones and zeros and the last remainder. 

Division may be terminated after any desired number of comparisons, by the place limitation 
plugging and coding discussed under Division in Chapter IV. The number of significant digits in the 
quotient will be either equal to the number of comparisons made or to this numberless one (if the first 
comparison yields a no-go). Since the accuracy of the division is thus under control of the main sequence 
mechanism it may be varied as desired within any given problem. 

The quotient is read out into the buss through that part of the out-relay selected by the quantity 
standing in the Q- shift counter. If a negative number is shifted to the right, the out- relay also supplies 
the nines at the left required to complete the complement on nine of the quotient. The algebraic sign is 
determined by the methods employed in the case of multiplication. 

Further, as in mvatiplication,the buss is used only three times during division, and is otherwise 
free for any interposed operations not involving either multiplication or division. It should now be 
clear that many of the electro-mechanical operations necessary to multiplication and division are 
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identical. Indeed the calculator as constructed uses the same registers for both operations. Iliese, 
however, are controlled by two separate subsidiary sequence control systems, one for multiplication, 
and one for division. 

Thoi^h it is not immediately evident, division consumes almost four times as many cycles of 
machine time as does multiplication and uses a great deal more apparatus. Clearly, then, this process 
is to be avoided whenever possible. Fortunately, an iterative process based on the Newton Raphsonrule, 

\+l=\-^K^^'K^' n = 0, 1,2, ... (1) 

is available for finding reciprocals. Let 

f(x) = N - 1/x. (2) 

Then x^^^ = Xj^(2 - Nx^), (3) 

defines a sequence, x^ , which converges towards the reciprocal of N . Each succeeding application 
of the iterative process roughly squares the error of the last preceding approximation. 

Suppose that in a given computation the values of the independent variable increase in an arith- 
metic sequence. Under these circumstances, the reciprocal of the nth value of the variable will furnish 
a good first approximation to the reciprocal of the (n + l)st value. Thus the process of division may 
be avoided with a considerable gain in the speed of computation. The application of equation (3) to the 

Q 

design of calculating machinery was first suggested by Aiken in 1938. 

Equation (3) also provides the calculator with a means of dividing to an accuracy of forty -six 
significant digits. The technique by which this is accomplished together with the techniques for ad- 
dition, subtraction and multiplication, to the same accuracy, are described in the section on High 
Accuracy Computation in Chapter IV. 

The Newton Raphson rule, by proper choice of f(x) , may be made to yield an iterative process 
for obtaining any fractional power of a given number so long as a suitable first approximation is avail- 
able. This fact greatly extends the usefulness and speed of operation of the calculator without the 
inclusion of a single special electrical circuit. 

On the other hand, the computation of the elementary transcendental functions may not be dis- 
posed of so easily. These require special registers as shown at the right of Plate XI, and make use 
of the second panel of relays extending to the rear of the calculator. 
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The method of computation of logarithms (Fig. 5) within the calculator depends upon two equations, 
log (a'b'C* ...) - log a + log b + log c + ..., (4) 



and 



log (1 + h) - h - h^/2 + h^/S - h^/4 + ... + (-1)""- h"-/n + 



.2 /^ . u3 /, k4 /a , ^ /_nn+A h^- m ^ (5) 

for h^ < 1. The logarithm unit includes two counters known as the logarithm counter and the logarithm 
in-out counter, together with a subsidiary sequence control which governs these counters in conjunction 
with the multiply-divide unit. If it is desired to compute log^^x.the coding in the main sequence con- 
trol tape will read as follows 



X lies in ctr. 39, code 6321, deliver log^^x to ctr. 8, 
code 4. 
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At the same time that x is read into the logarithm in-out counter, the code B 762 signals the logarithm 
subsidiary sequence control to take over the direction of the calculator. From the logarithm in-out 
counter, x is read to the logarithm counter so shifted that the first significant digit of x appears in 
the twenty-third colunm of the logarithm coimter. The amoimt of the shift is recorded and its comple- 
ment on ten entered in columns twenty-two, twenty-three and twenty-four of the logarithm in-out 
counter, in which the decimal point is now considered to lie between columns twenty-one and twenty- 
two. The computation of the characteristic of x is then completed by adding 22 - n into the logarithm 
in-out coimter, the operating decimal point being between columns n and n + I . This quantity is sup- 
plied by a manually preset constant register known as the logarithm switch. For example, if the 
operating decimal point lies between columns fifteen and sixteen and x = 783,54210 50928 67954 , x is 
shifted five columns to the left on reading from the logarithm in-out counter to the logarithm counter . 
In this case, 22 - n = 7. Hence, the characteristic of x is computed as 995 + 007 = 002. 

Now X = 7,83542 10509 28679 54 stands in the logarithm counter with the decimal point follow- 
ing its first significant digit, and it is only necessary to compute the mantissa of logjQX , This compu- 
tation is perhaps best explained by a numerical example. Four successive divisions are performed: 

x/7 = 1.11934 58644 18382 79142 85 ; 
x/(7)(l.l) = 1.01758 71494 71257 08311 68 ; 
x/(7)(l,l)(l,01) = 1,00751 20291 79462 45853 14 5 
x/(7)(l,l)(1.01)(l,007) = 1.00050 84698 90230 84263 30 . 
Equation (4) becomes 

log 7.83542 10509 28679 54 = log 7 + log 1.1 + log 1.01 + log 1.007 

+ log 1.00050 84698 90230 84263 30 . (6) 

The logarithm table relays store logjQN accurate to twenty -one decimal places, for N equal to: 



1.0 


1.1 


1.01 


1.001 


2.0 


1.2 


1.02 


1.002 


3.0 


1.3 


1,03 


1.003 


4.0 


1.4 


1.04 


1.004 


5.0 


1.5 


1.05 


1.005 


6.0 


1.6 


1.06 


1.006 


7.0 


1.7 


1.07 


1.007 


8.0 


IS 


1.08 


1.008 


9.0 


1.9 


1.09 


1.009 . 



30 

DESCRIPTION OF THE CALCULATOR 

on the right side of equation (6) and deliver them to the logarithm in-out counter for summation. 

The last term of the logarithmic sum in equation (6) is of the form log (1 + a 10"*) where a < 10. 
Writing (1 + a 10"'^) = 1 + h, 

then h < 10"^ . 

In using equation (5), six terms of the series are employed. Therefore, the remainder of the series 
will be 

R< h'^(l + 7h/8 + 7h2/9 + Th^/lO + ...)/7 , 

R< h'^(l + h + h2 + h^+ ...)/7 , 

R< h\nil - h) , 

R< 10"2V'?(0-999) . 
Clearly, the choice of four divisions and six terms of the series puts the error below the lower limit 
of the capacity of the machine. The series given in equation (5) is used by the machine in the form 

log^Q(l + h) = ( { ( ( (hCg + Cg)h + c^)h + C2)h + C2)h + c^)h , 
where c^ = M, Cg = -M/2, Cg = M/3, c^ = -M/4, c^ = M/5, Cg = -M/6; 

M = logj^e . 
The values of the c's are also stored in relays and supplied to the multiply unit as directed by the loga- 
rithm sequence controls. One feature of these controls, not previously mentioned in this discussion, 
permits the multiplicand, h, and its multiples to remain stored in the multiply -divide unit throughout 
the evaluation of the series. This saves a considerable amount of machine time. 

After summing all terms of equation (6) in the logarithm in-out counter, log-^gX is read out into 
the buss through plugging since it stands with its decimal point between columns twenty-one and twenty- 
two and must be shifted to conform with the operating decimal position. 

The exponential function, or anti-logarithm, is derived by a reversal of the process used to com- 
pute logarithms. The method of computation is dependent upon the equations 

10^ = iolO^+^.10^/^°.10*^/^^^.10^/^°®°.10^ , (7) 

10^ = e^ = 1 + h + \?/2\ + \?/V. + ... , (8) 

where h = f logplO . 
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Figure 6 

The exponential unit (Fig. 6) includes the exponential in-out counter and a subsidiary sequence 
control governing this counter in connection with the multiply -divide unit. In order to compute 10^, 
the main sequence control tape must read as follows: 



X lies in ctr. 27, code 5421; deliver 10^ to ctr. 20, code 53. 
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The code B 7621 signals the exponential sequence control to take over command of the calculator. 
Simultaneously, x is read to the exponential in-out counter via the multiply unit, exponential -in plug- 
ging and certain transformation circuits, which accomplish two purposes. First, a zero or nine is 
read into the twenty-fourth column of the exponential in-out counter according as x is positive or 
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decimal point lies between columns twenty -one and twenty-two. Thus x stands in the exponential in- 
out counter in the form : 

column 24 23 22 21 20 19 18-1 

digit + a b . c d e f 

Columns one through eighteen of x are then multiplied by log^lO and delivered to the multiply 
unit for expansion in the series (8). The coefficients are stored in relays and sent to the multiply unit 
as required. Again the multiplicand, h , is held constant while expanding the series in order to con- 
serve machine time. Since h < 2.3 x 10"^, the remainder of the series will be 

R - \P n'. + h^/Bl + h^/9l + „e , 
R < h'^(l + h/8 + h2/8.9 + ,„)/7'. , 
R < h'^(l + h + h2 + h^ + ...)/7'. , 
R< h'^/7'(l - h) , 
R < (2.3)'^ X 10-21/7'. (0.997) , 
R < 10-^1 . 
Clearly, the use of seven terms of the series leaves a remainder which is below the capacity of 
the machine. 

The quantities , 
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o0.i loO-oi loO'Ooi 

°0.2 JqO-OS I0O.OO2 
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are stored in table relays accurate to twenty -one decimal places. The proper values are called for by 
columns nineteen, twenty and twenty-one of x as it stands in the exponential in -out counter so that the 

r. 1 nC/10 1 nd/lOO 1 ne/lOOO 1 4 
product, P = 10 ^ '10 / -10 -lO- , 

may be formed. 
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This product, P, will stand in the product coimter with its decimal point between columns forty- 
two and forty-three. If x is a positive quantity, the product is read out to a forty-five column plug- 
board in which the decimal point is assumed to lie between columns twenty-one and twenty-two. This 
read-out is accomplished through a multiple out-relay, the proper part of which is selected by the 
quantity 10a + b standing in columns twenty -two and twenty -three of the exponential in-out counter. 
From the plugboard, the product passes to the buss at the operating decimal position through manually 
preset plugwires connecting the plugboard to the buss in proper columnar relation, and thence to the 
storage register indicated by the third line of exponential coding. 

If X is a negative quantity, the reciprocal of the product, P , is obtained by the divide imit as 
ordered by the exponential sequence control. The reciprocal is then read out of the quotient counter 
to the storage register by circuits equivalent to those employed in the case in which x is positive. 

The third electro-mechanical table contained within the calculator is that of the function, sin x . 
The method of computing sin x is based upon the equations: 

sin (- x) = - sin X ; (9) 

sin (x + 2n T ) = sin X ; (10) 

sin X = cos (-ir/2 - x) ; (11) 

sin X = X - x3/3'. + x5/5'. - x V. + — 

+ (- I)^x2n+V(2n + 1)1 + ... , n = 1, 2, 3, ..., 10 ; (12) 

cos X = 1 - x2/2l + x^/4'. - x^/6'. + ... 

+ (- l)V"/(2n)'. + ... , n = 1, 2, 3, ..., 10 . (13) 

Since the series (12) and (13) are alternating series the remainder, R, will be less than the first term 

omitted. Assuming x « ir/^* 

|Rl <(^/4)22/22'. . 
Taking the logarithm of both sides of the inequality, 

logjQ |R| < 22(log^QTr - logjQ4) - logj^Q(22'.) 

< 22(0.498 - 0.602) - 21.050 < - 23 . 
Thus |r1 < 10" and the error in using these series for computation falls below the capacity of the 
calculator. 
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The sine unit (Fig. 7) is composed of the sine in-out counter and subsidiary sequence circuits 
having control of this counter, the multiply unit and certain table relays providing the coefficients of 
the series together with other necessary constants such as t/A, )r/2, ± it and 2 7r . The main 
sequence control tape dictates the computation of sin x by the coding: 



X lies in ctr. 14, code 432; deliver sin x to ctr. 40, 
code 64. 



In order to compute sin x, it must first be determined in which quadrant x falls. The first 
operation in the sine sequence multiplies x by 1/2 tt (supplied by a relay through plugging) at the 
operating decimal position. Then the product |x| /2 ir is read into columns one through twenty -three 
of the sine in-out counter with decimal point at the operating position. At the same time, the algebraic 
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sign of X is read into the twenty -fourth colxmui of the sine in-out counter. Let |xj/27r indicate 
|x| /Zir with its integral part omitted. This integral part represents multiples of 2 tr which may be 
dropped by virtue of equation (10). Through plugging, |x|/2ir is next read from the sine in-out 
coxmter to the multiplicand covmter so shifted that its decimal point lies between columns twenty-two 
and twenty-three. The algebraic sign of x remains stored in the sine in-out counter. The integer 
four, supplied by a table relay, is read to the multiplier covmter." The resulting product is read into 
the sine in-out coimter with its decimal point between columns twenty-two and twenty -three. Four 
cases may now be distinguished: 

(a) 0<2|x|/r< 1, I x| in quadrant I, sinix|>0; 

(j3) 1 <2|jci/r < 2, |x| in quadrant II, sin |x|> 0; 

ii) 2<2|x|/7r<3, |x| in quadrant ni, sin |x|^ 0; 

( ^) 3 <2|x| /rr < 4, |x| in quadrant IV, sin|x|<0. 

Which of these four cases appertain in the case of a specific value of x maybe determined by sensing 
the integer in the twenty-third column of the sine in-out coimter. The value of this integer together 
with the algebraic sign of x previously stored in the twenty -fourth .column of the sine in-out counter 
complete the determination of the sign of sin x . 

The procedure by which this is accomplished and by which x is reduced to a first quadrant angle 
will now be discussed. The quantity 2 |x| /rr is multiplied by Tf/2 and when this operation is com- 
pleted, the product, |x| , is read into the sine in-out counter. During this multiplication, the sensing 
circuits on column twenty -three of the sine in-out counter order the following operaticms: 

(1) Reset all columns but the twenty-fourth of the sine in-out counter; 

(2) Case (a): ^ |x| < •jr/2 

|x| is read into the sine in-out counter directly; 
Case i^): r/2 ^ |x| < r 

|x| is inverted when read into the sine in-out counter, 
TT is added into the sine in-out counter; 
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Case (Y): ir <. '[xj < 3 t/2 

|xj is read into the sine in-out counter directly, 
- tT is added into the sine in-out counter, 

a nine is added into the twenty-fourth column of the sine in-out counter; 
Case(S): 3 ir/2 <|x| < 2-r 

|x| is inverted when read into the sine in-out counter, 
2 r is added into the sine in-out counter, 

a nine is added into the twenty -fourth column of the sine in-out counter. 
Since the sine in-out counter has no end around carry, and since any digit other than a nine in the 
*.„,*«*„ f^„«*>, ^r.i,,m« .-.f fhic rcMmfPv is the eoulvalent of a zero, the final algebraic sign of sin x now 
stands in the twenty-fourth column of the sine in-out counter. The reduced first quadrant angle, X, 
corresponding to the given value of x stands in the remaining columns. 
Two cases remain to be distinguished: 

(a) < X < 7r/4; 

(b) 7r/4<X < ir/2. 
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After a sensing circuit has compared the value of X with r/4, in case (a), the computation proceeds 
by evaluating the series (12). In case (b), ir/2 -X is formed and the series (13) is evaluated. In 
either case, the result of the summation of the series is delivered to the sine in-out counter, columns 
one through twenty-three, with the result that this counter then contains | sin x | and the appropriate 
algebraic sign. 

The read-out of sin x to the buss for delivery to storage is through plugging, in order to shift 
the function to conform to the operating decimal position. The read-out is direct or inverted accord- 
ing as zero or eight on the one hand, or a nine on the other hand, stands in the twenty-fourth column 
of the sine in-out counter. 

The logarithm in-out counter and the sine in-out counter are commonly used as "shift counters". 
These counters are equipped with pluggable and direct read-ins and read-outs as shown in Figs. 8 and 
9. They may be used to multiply or divide by powers of ten. In addition, the pluggable read-outs may 
be manually so adjusted as to permit selective read-out of the shift counters by means of which any 
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read-out does not erase any part of the number standing in the shift counter. The read-ins and read- 
outs of these two counters have been placed under control of the main sequence mechanism by codes 
which are independent of the codes of the functional units of which the shift counters are themselves 
a part. Since the logarithm in-out and sine in-out counters do not have complete carry circuits at 
all times, and have codes and resets which differ materially from those of other registers, they must 
be used with care. A detailed discussion of these codes and their vises will be found in Chapter IV. 

With the aid of the electro-mechanical tables of log^pX , 10^ and sin x , all of the elementary 
transcendental functions, including the hyperbolic functions, may be obtained through the use of the 
operations of the calculator already described. In order to provide for inverse trigonometric functions, 
higher transcendental functions and empirical functions defined by tabular data, the calculator is 
equipped with three ipechanical interpolators. 

The three interpolator mechanisms and their accompanying switches are shown in Plate XII, to 
the left of the main sequence mechanism. The three units share in common the interpolation counter 
and the interpolation check counter, (Fig. 10). A function is introduced into an interpolation mechanism 
in the form of a perforated paper tape, (Plate Xm). This tape is similar to the main sequence control 
tape, but in place of commands to the calculator, contains coded successive equidistant values of the 
argument, each accompanied by the necessary interpolation coefficients. Any order of interpolation 
up to and including the eleventh may be employed. 

The coding for interpolation by xmit I as it appears in the main sequence control tape is: 



X lies in ctr. 50, code 652; a tape containing f(x) is on 
Interpolator I; determine i(x) and deliver it to ctr. 51, 
code 6521. 



OUT 


IN 


MBC. 


652 


7654 








62 


841 






652 


763 






6521 


73 






7 



There are a very great many possible variations in this coding as well as in the possible uses of the 




Xn Sequence Control Mechanism and Interpolators 




Xin Interpolator 
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ter IV. The present discussion will be confined to the most elementary case, that of interpolation by 
means of Taylor's series. 

A function f(x) is to be determined. The independent variable, x, is considered as consisting 
of two parts, x = a + h, where a is an integral multiple of a power of ten. Since four columns are 
provided for containing the value of a , it is clear that a functional tape may contain 10 arguments. 
An interpolation is performed by evaluating the series, 

f(x) = f(a + h) 

= f(a) + f'(a)h + f"(a)h2/2'. + ... (14) 

= Crt + c^h + c^h*^ + Cnh"* + ..., 

in the form , 

f(x) = f(a + h) = ((((... + c^)h + Cg)h + C2)h + c^)h + c^ . (15) 

The interpolation process maybe divided into two distinct parts. The first consists of position- 
ing the functional tape and the second of the computation necessary to the interpolation itself. For 
tape positioning, the argument, a, and the highest order column of h are delivered to the interpolation 
counter. The interpolator mechanism first reads the tape to discover the position at which the tape is 
standing. By subtraction in the interpolation counter, the number of arguments the mechanism must 
pass over in order to arrive at the required argument is determined. To accomplish tape positioning 
in the shortest possible time, functional tapes are made endless. Suitable sensing circuits aided by 
manually preset switches direct the mechanism to move the tape in the direction of shorter travel. 
The highest order column of h is combined with a half- correction in the interpolation counter to in- 
sure positioning to the nearest argument. As the tape steps, the number of arguments to be covered 
(stored in the interpolation counter) is reduced one for each argument passed and is finally reduced 

to zero. 

At the beginning of the positioning operation the required argument, a, is read into the interpo- 
lation check counter. At the end of the positioning operation it is transferred to the interpolation 
counter and used to checkthe position of the tape. K the tape is not in proper position because an im- 
possible argument has been sent to the interpolation unit or because of faulty mechanical operation. 
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the positioning mechanism will try a second time to find the required argument. The calculator is 
stopped and a red light turned on in the event that the positioning mechanism fails on this second try. 

However, if the tape is found to be in the required position, the interpolation sequence control 
takes over command of the calculator. The quantity x is again read out of storage into the buss and 
the h part delivered by plugging to the multiply unit. Suitable corrections of h , such as nines to the 
left if h is negative, are also made by plugging. 

The interpolation sequence control then evaluates series (15), while the multiplicand, h, is held 
constant as usual to conserve machine time. The coefficients, c^, c^_^, ..., Cj, c^.are read out of 
the functional tape and added into the multiplier counter under control of the interpolation sequence 
circuits. 

When a relatively large number of values, such as constants or random values of a variable, 
are to be used by the calculator, and further when these values are to be used in a prescribed order, 
they may be supplied to the machine via one of the interpolator mechanisms and a perforated paper 
tape. Such a tape is known as a "value tape" to distinguish it from a functional tape. Mathematically, 
the operation of reading from a value tape is the equivalent of zero order interpolation. In order to 
increase the flexibility of the interpolators when used in this manner, three sequence codes have been 
assigned to each interpolator mechanism. These require that the tape be stepped forward, stepped 
back and that the sensing pins read from the tape (Fig. 11), as in the following examples for interpo- 
lator I. 



Step the tape forward. 



OUT 


IN 


MISC. 






753 



Step the tape back. 





754 



85 




7 




62 


7 



Read the value from the tape to ctr. 34, code 62. 



The codes for accomplishii^ the same purposes in connection with interpolators n and HI may be 
found in the section on Interpolators in Chapter IV. 
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Figure 11 

Otner means of suppi3ring data to the calcuiator are the two card feeds shown in Plate XIV and 
Fig. 11. These employ standard tabulating machine cards and have three advantages over the value 
tape. First, since tabulating machines are highly standardized, the cards permit the interchange of 
data from one computation laboratory to another. Second, the devices required in the manual prepa- 
ration of the cards have been developed to a high degree of perfection. Third, the calculator is itself 
ec}uipp€u wikii a card puncuxng mec^^anism. 

The disadvantage of punched cards as compared to a value tape lies in the fact that the card feeds 
must accept the cards in the order in which the deck is stacked. No provision is made for retrieving 
acardonceithaspassed through the feed. Hence, a second use of the value pxinched in a card requires 
the intervention of an operator. 

The coding for reading from card feed I is: 



OUT 


IN 


MISC. 




21 


7632 



Read the value from the card in feed I to ctr. 3, code 21. 
When using punched cards and value tapes, the coding must be arranged to synchronize their reading 




XIV Typewriters, Card Feeds and Card Punch 




XV Tape Punch 
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\mits with the main control tape. This implies that suitable operating instructions must be prepared 
to insure that cards and ^lue tapes are properly inserted in the calculator. 

A control is provided on each card feed to stop the calculator when the cards are exhausted or 
jammed. The quantities in the cards are read into the buss through plugging and therefore may be 
shifted to conform with the operating decimal position. This is not true, however, of value tapes. 

Occasionally a problem is so voluminous as to tax the facilities of the calcvilator . In such cases, 
the main control tapes are so designed that the computation may proceed part way, the intermediate 
results may be punched into cards and the cards later fed into the calculator for further computation 
under the direction of a second main control tape. 

The card feeds and interpolator mechanisms together with the switches previously described 
represent the means by which numbers may be introduced into the calculator as a basis for compu- 
tation. For recording computed results, two methods are available, the card punch mentioned in the 
previous paragraph and two automatic typewriters, (Plate XV). 

The printing and punching of numbers is accomplished with the aid of registers known as the 
"print" and "punch" counters together with special circuits designed to control the recording devices. 
The print and punch covmters (Fig. 12) are equipped with in- and out-relays and complete carry 
circuits so that they may fvinction as standard storage coimters in addition to performing their special 
purposes . 

The coding for the printing operation consists of two lines, one line to read the quantity to be 
printed to the print coimter and one to initiate the printing operation. 



X lies in ctr. 18, code 52; print x on typewriter I. 



The controls of the typewriters are very flexible with respect to the number of digits printed, 
their spacing, columnar position and line spacing. These controls are considered in detail under Print- 
ing in Chapters IV and V. The computed results may be reproduced photographically directly from the 
typewritten sheets . This avoids the possibility of error due to copying, inherent in most compu- 
tational procedures. 
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The pvmch coding also consists of two lines, one line to read into the punch counter and one to 
initiate the punching operation. 



X lies in ctr. 37, code 631; punch x into a card. 



In order to avoid the loss of computed results, the card punch is equipped with a stop control which 
prevents a read-in to the punch coimter, stops the calculator and lights a red signal light in the event 
that a blank card is not in the proper punching position at the time the sequence control tape dictates 
the punchii^ operation. 

Not all problems imposed on the calculator require the use of pvmched cards. Hence, a maniiai 
keyboard connected with the punch maybe used for the preparation of cards while the calculator is in 
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operation, liiis pvinch, however, does not produce any of the tapes used by the machine. It will be 
recalled that the Jacquard weavers laced their cards together to provide the tapes they required for 
the control of their looms. The calculator, on the other hand, uses smooth tapes prepared by means 
of a specially designed manual pimch shown in Plate XV. 

Two keyboards are used interchangeably to control this punch. The first of these is used in the 
preparation of fimctional and value tapes. It has twenty-four columnar positions and perforates the 
tape in such a way as to represent any one of the ten digits in each column of a twenty-three figure 
number together with the algebraic sign. A four line code is used as shown in Fig. 13. This figure 
must be read from the bottom to the top, representing the forward direction in which the tape passes 
through the reading mechanisms of the interpolator units . 

Iti general, a value tape consists of a tabulation of constants punched into the tape in a given order. 
A functional tape, in contrast, contains a group of entries associated with each argument. The first 
entry in each group is the argument itself. This is followed by the interpolational coefficients, Cjj, 
c J, ..., Cj, Cq, in this order as shown in Fig. 14. 

The argument must be punched in columns fifteen, sixteen, seventeen and eighteen of the tape 
regardless of the location of either the tape decimal point or the operating decimal point. The nega- 
tive algebraic sign, if required, must be represented by a nine in the twenty-fourth column. Each 
argument must be identified by an argument code consisting of a three-four punched in the first 
column of argument pvmching. Fig. 14 represents a portion of a tape for fourth order interpolation on 
f (x) = tan X with an accuracy of twelve decimal places . The figure illustrates all of the salient features 
of an interpolation tape. 

The main control tapes are punched by the second keyboard, previously mentioned, which ap- 
pears in Plate XV. It is designed to contain two lines of coding which must be punched simultaneously. 
This is necessary because the sequence and interpolator mechanisms, though radically different in 
operation, are in reality made of the same mechanical components . One numerical value in a functional 
tape occupies the same amoimt of space as two lines of control tape coding. The device of setting up 
two lines of control tape codii^ per punching operation makes it possible to punch sequence control 
tapes and functional tapes with one and the same manual punch. 
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Negative Argument -51 
Argument Code in 1st col. 



Positive Argument 51 
Argument Code in 1st col. 



Negative Number 

-698 321 576 438 499 013 451 



Positive Ntimber 

521 328 794 532 605 972 100 28 



Diagonal Number 

012 345 678 901 234 567 890 123 



000 111 222 333 999 999 999 99 



999 000 111 222 888 888 888 88 



888 999 000 111 777 777 777 77 



777 888 999 000 666 666 666 66 



666 777 888 999 555 555 555 55 



555 666 777 888 444 444 444 44 



444 555 666 777 333 333 333 33 



333 444 555 666 222 222 222 22 



222 333 444 555 111 111 111 11 



111 222 333 444 000 000 000 00 



Figure 13 
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FUNCTIONAL TAPE 
C3 0.503 529 133 009 
C4 0.300 041 586 295 
Arg 0.33 

Co 0.331 389 405 224 
Ci 1.109 818 937 895 
C2 0.367 782 237 736 
C3 0.491 818 782 980 
C4 0.285 577 613 215 
Arg 0.32 

Co 0.320 327 505 078 
Ci 1.102 609 710 509 
C2 0.353 196 217 642 
C3 0.480 675 033 370 
C4 0.271 705 506 740 
Arg 0.31 



Figure 14 
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the case of value and functional tapes, the control tape must be read upwards. 

Since the control tapes deal with operations only, they represent the solution of a mathematical 
situation independent of the values of the parameters involved. Hence, such control tapes as are of 
general application are preserved in the tape library for future use. Fvinctional and value tapes of 
general interest are likewise preserved. 

When a problem is referred to the Computation Laboratory, the first step in its solution is that 
taken by the mathematician who chooses the numerical method best adapted to computation by the cal- 
culator. This choice is made on the basis of the accuracy desired, the possible checking operations 
and the speed of computation. Such functional, value and control tapes as are required are then com- 
puted, coded and punched. Since the mathematician cannot always be present while the calculator is 
running, instructions must be prepared to guide the operating staff. These must include switch settings, 
the list of tapes to be used, plugging instructions, manual resets, information concerning checks, 
starting, stopping and rerun instructions. The instructions for the plugging of the functional units 
are usually given in the form of diagrams similar to those in Chapter V. The manual resets m.ay in- 
clude the clearing of both functional and storage counters. On the functional panel, (Plate XI), may 
be seen the push-buttons by which all of the functional counters maybe reset except the forty-seventh 
or sign column of the product-quotient counter which is reset at the end of each multiplying or di- 
viding operation. Above the sequence mechanism are the seventy-two push-buttons which permit 
manual resetting of each of the storage counters. Directly below the reset battens and above the 
sequence mechanism, (Plate XH), is a constant register which exactiy duplicates one of the sixty 
switches. Because this register is frequently used to provide the increment of the independent variable, 
it is known as the independent variable switch. Further, because it is located conveniently near the 
sequence mechanism, this switch is particularly useful in testing the various units of the calculator. 
The start and stop keys are located directly above the sequence mechanism as shown in Plate xn. 
The use of these keys and their associated electrical circuits will be discussed in Chapter III. 

The main sequence control is equipped to advance the tape, step l^ step, normally at a rate of 
200 steps per minute, unless one of the subsidiary sequence controls is directed by the coding to 
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temporarily take over command of the calcvilator. In this case, the control tape is stopped until the 
subsidiary sequence control has finished its operation and signals the main sequence control to con- 
tinue operation. 

The normal step rate of the sequence tape, then, does not give a good estimate of the speed of 
the calculator. This may be better given by citing the time required for various operations. When 
computing with twenty-three significant digits and operating decimal point between columns fifteen 
sixteen, the maximum operation times are as shown in the following table. 



Operation 


Seconds 


Cycles 


Addition 


0.3 


1 


Subtraction 


0.3 


1 


Multiplication 


6.0 


20 


Division 


11.4 


38 


Log^QX 


68.4 


228 


10^ 


61.2 


204 


Sinx 


60.0 


199 



All of the times cited include the time required to transfer the arguments to the functional units and to 
deliver the results for further computation. The time required for all operations, except addition and 
subtraction, may be shortened by reducing the accuracy of the computation. Obviously, the only way 
to state the relative speed of the calculator is to solve a problem first by manual methods and then by 
use of the machine. Such an estimate has been made and apparently the machine is well nigh one 
hundred times as fast as a well equipped manual computer. When it is borne in mind that a computer 
can work little more than six hours a day before fatigue causes him to produce a prohibitive number 
of errors, it becomes clear that operating on a twenty-four hour schedule, the calculator may produce 
as much as six months work in a single day. 
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CHAPTER m 
ELECTRICAL CIRCUITS 
"Simplicity is Nature's first step, and the last of Art." 



Philip James Bailey 



In the preceding chapter, means were described by which the Automatic Sequence Controlled 
Calculator is kept in continuous operation. However, no mention was made of the circuits by which 
the machine is started and stopped. This subject may best be approached by consideration of the main 
sequence control. 

Figures 17 and 18 show the sequencing circuits of a machine having nine reading pins, three in 
each of the A, B and C groups, rather than the twenty-four pins of the calculator. The nine reading 
pins are numbered 6, 7 and 8 in each group in order that the starting and stopping circuits may be 
presented in a manner consistent not only with the diagrams, but also with the calculator itself. The 
nine reading pins make available 2^ possible orders per line of coding and are sufficient to develop 
all the ideas necessary to a clear understanding of the sequence control. An attempt to draw the actual 
circuits employed in the calculator would lead to inconveniently large and complex diagrams . 

Figure 17 shows the reading contacts controlled by the reading pins and the tape, neither of the 
latter being shown in the figure. Once the pins have advanced against the tape and closed the reading 
contacts in positions corresponding to the holes in the tape, an electrical circuit is established to ener- 
gize the sequence relays. Suppose a line of coding to read (6, 6, 7) corresponding to the reset of 
counter 32, code 6. Then beginning at the positive terminal of the generator^ assuming the cam con- 
trolled contact FC-101 to be closed and for the moment further assuming that the four -pole read relay 
contacts are closed, complete circuits exist throi^h the reading contacts A-6, B-6, C-7, through the 
corresponding sequence relays to the negative generator terminal. When the sequence relays are 
picked up, each is held in its energized position through one of its own contacts and the cam controlled 
contact FC- 102. 

The sequence relays are multipolar, and in addition to their hold contacts, have "cascade" con- 
tacts wired as shown in Fig. 18. These permit the selection of out-, in- and miscellaneous relays 
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which are picked up by means of cam controlled impulses. The multipole relays are of the double 
throw variety, having four, six or twelve poles, and may be either single or double coil. They are 
jack connected and wired with the aid of plug-in wires as shown in Plate XVI. When a relay is not 
energized, circuits may be completed through its normally closed (NC) contacts. On the other hand, 
when a relay is picked up, circuits may be completed through its normally open (NO) contacts. Thus 
any code corresponds to a series of normally open and normally closed sequence relay contacts . For 
example, as may be seen in Fig. 18, the in-relay of counter 32, code 6, is picked up through B-8-1 NC, 
B-7-1 NC and B-6-1 NO. A complete tabulation of the cascade contacts for all of the codes at present 
used by the calculator is given in Appendix I. 

The contacts of the out-, in- and miscellaneous relays are not shown in Fig. 18 as these are 
parts of the circuits to be controlled by these relays rather than of the sequence control circuits. 
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These contacts will be considered in connection with the computing circuits of which they form a part. 
The timing diagram. Fig. 19, together with the foregoing description should make clear the repetitive 
operation of the circuits shown in Figs. 17 and 18 insofar as continuous operation of the calculator 
is concerned. 

Figure 20 and the diagram, Fig. 21, show the start and stop circuits and their timing. The de- 
pression of the start key completes the circuit through FC-103 to pick up the start relay. The repeat 
relay, one point of which is shunted across the start key, is controlled bythe sequence relay, C -7. This 
is picked up by the continue operations code, Miscellaneous 7. The transfer of the contacts of the start 
relay closes the circuit, controlled by FC-105, to the read relay and the clutch magnet. This circuit 
contains two normally closed contacts of the stop relay. The stop relay is picked up if, and only if, the 
stop key is depressed and one of two circuits completed. The first of these is completed by FC-106 
and relay contacts governed by the code Miscellaneous 87, while the second is governed by the code 
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READ RELAY FC-105 
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SEQUENCE RELAY C-8 FC- 101, 102 

REPEAT RELAY FC-107 

STOP RELAY FC-106 

Figure 21 

Miscellaneous 7 in combination with the "7 stop switch". The stop relay is held up through one of its own 
contacts and the stop key. The emergency stop switch is located on the sequence mechanism, (Plate VI). 
The 87 stop and the 7 stop have decidedly different purposes. The 87 stop maybe so coded in a control 
tape that if the stop key is depressed the machine will stop at a preassigned point in the computation. 
On the other hand, the 7 stop switch together with the stop key will interrupt the operation of the 
machine after reading any line of coding containing a Miscellaneous 7. This makes it possible to stop 
the calculator at the end of any functional operation without interfering with the computation provided 
that no operations have been interposed. Further discussion of the codes 87 and 7 is contained in 
Chapter IV. 

The relays, relay points and cam controlled contacts in Figs. 17, 18 and 20 have been indicated 
and numbered as in the calculator itself. For simplicity, one relay, the start interlock relay, has been 
omitted from these circuits. In the event that the start key is held down too long, the start interlock 
relay prevents the calculator from receiving more than one starting impulse. The circuits of this relay 
together with all of the automatic continue operation circuits which may energize the start relay are 
given in Appendix II. 

Unlike the main sequence control, the operations dictated by the subsidiary sequence control 
are not subject to permutation. Consisting of relay networks and coimters, the twenty subsidiary 
controls at present wired in the calculator direct fixed series of operations. These are largely 
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it is possible to construct a subsidiary sequence control for any given purpose. For example, the 
evaluation of a definite integral may be reduced to the computation of values of the integrand for equi- 
distant values of the argument by a short control tape, which also directs a subsidiary sequence control 
wired to apply a general quadrature formula. In this instance, the coding necessary to the evaluation 
of definite integrals is greatly reduced. Such specialized subsidiary sequence controls are added to 
the calculator from time to time as may be desired. These differ only in the sense that some control 
a greater number of operations and in that their control extends over a longer period of time. Unfor- 
tunately, space will not permit the description of all of the sequence controls in the calculator. The 
f„j,f j-vof +hr«:p «^«t».r^inr.rr rYiiii+i«n ''3*^'^" and divlsion are not onlv the most simple, but also the more 
basic in computation, dictates their choice for detailed discussion. 

Before entering upon this subject, however, it will be necessary to discuss the use of counters 
and their drive. Referring to Fig. 22, A is a line shaft extending nearly the full length of the calculator 
and driven by the four horsepower motor, B. This shaft is contained in the shaft housing shown near 
the base of the machine in Plates II,inandXn. The main sequence mechanism and the three interpo- 
lator mechanisms are supplied with mechanical power by roller chain and sprocket drives, C and D, 
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respectively. The spiral gears, E, connect the main drive shaft to the vertical shafts, F. These in 
turn are connected to the horizontal shafts, G, through smaller spiral gears, H. On the shaft, G, are 
mounted twelve or fewer gear wheels, J of Fig. 22, E of Plate XVII, each of which supplies mechanical 
power to a single counter wheel by engaging with the gear shown in the partially assembled coimter, 
A of Plate XVII. Since the sequence and interpolator mechanisms and counter wheels are all driven 
by a single gear-connected mechanical system, it is clear that all mechanical parts of the machine 
revolve in synchronism with each other. 

Each counter wheel is an electro-mechanical assembly consisting of the following major com- 
ponents shown in Plate XVII: (1) a commutator moimted in a molded plastic part, B and J, commonly 
called a "molding", having a half slip ring and ten segmental contacts numbered through 9; (2) a 
pair of stranded wire brushes, C and F, which rotate to connect one of the contact segments with the 
commutator half slip ring; (3) a magnetically controlled clutch, D, which engages to connect the con- 
tinuously rotating gear, A, with the sleeve on which the rotating brushes are mounted; (4) a tenls carry 
contact which operates in conjunction with an external relay circuit to provide carry to the counter 
wheel in the next higher columnar position when the counter wheel under consideration passes through 
ten; (5) a nine's carry contact which also operates in conjunction with an external relay circuit to 
provide carry to the next higher coimter wheel when the wheel under consideration stands on nine and 
the next lower wheel has passed through ten; (6) and finally, a socket, G and K, by which the counter 
assembly may be jack- connected to the calculator wiring. 

The ten segments of the commutator are usually called the number "spots". The time interval 
necessary for the brush to traverse the distance between two successive spots is one -sixteenth of a 
cycle, the number spots being so spaced in the commutator as to minimize the ratio of the mechanical 
backlash to the distance traversed between spots. In order to read, say, a seven into a counter, the 
counter magnet is picked up at "seven time", thus engaging the clutch. The brushes are spun past 
six spots and the clutch is mechanically disengaged or knocked off at "zero time". Obviously, nine 
equally timed and equally spaced impulses must be provided to pick up the counter magnets in order 
to read in the nine digits and all counters must be knocked off at zero time, (Fig. 23). 

The number impulses are supplied by cam controlled contacts. A cam and its follower are 
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shown at the lower right in Plate XVI, and the pOaition in which the ca^ms are mOunLeu is Snown in 
Fig. 22, K. The duration of contact controlled by a cam may be varied by adding or subtracting rollers 
in the twenty possible sockets in a cam wheel. Several tjrpes of followers are used, with variations' 
in the sharpness of the make and break of the contacts they control. 

For purposes of cam timing, the fundamental cycle of the calculator, 300 milliseconds, is sub- 
divided into sixteen equal parts commonly referred to as "points". These are numbered: 
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The first nine subdivisions contain the number impulses. The so-called "seven impulse" for example, 
is delivered by a cam contact making at seven time and breaking half way between seven and six time, 
commonly called seven and one-half time. The points zero through sixteen are available to supply carry 
and other control impulses. A timing diagram of the number and carry impulses is given in Fig. 23. 
As stated in Chapter II, the transfer of a quantity to a reset counter and the process of addition 
are one and the same. For instance, a counter stands at zero; a seven impulse picks up the counter 
magnet at seven time; the counter wheel rotates through six positions, is mechanically knocked off 
at zero time and comes to rest standing on the seven spot. On the other hand, if a counter stands at 
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five, a seven impulse picks up the counter magnet at seven time; the coimter wheel rotates through 
six positions, is mechanically knocked off at zero time and comes to rest standing on the two spot, 
having passed through zero. 

As the coimter wheel turns, the carry cam, (Fig. 24 and F of Plate XVII), also turns. When the 
rotating brush touches the nine spot, the follower of the carry cam is dropped and the nine's carry- 
contact is made, (B of Fig. 24). As the counter wheel passes nine and approaches the zero spot, the 
follower is raised and the ten's carry contact is made, (C of Fig. 24). The ten's carry contact once 
made is maintained, (D of Fig. 24), until a mechanical knock off returns the carry contact to neutral 
position, (A of Fig. 24), at fourteen and one-half time. Prior to this, the counter magnet, as shown in 
Fig. 23, is again picked up at twelve time by the carry impulse if the carry relay circuits are closed 
and if the ten's carry contact of the next lower counter is made. The counter magnet is also picked up 
at twelve time by the carry impulse if the carry relay circuits are closed and if the nine's carry con- 
tacts of the succeeding lower counters receive a carry impulse due to a still lower ten's carry. The 
coxmter wheel moves one position for the carry and is again mechanically knocked off at thirteen time. 







Figxire 24 
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These operations may be clarified by considering the relay circuits associated with the storage 
counters. The relays are shown in Plate X, and their usual numbering and position in Fig. 25. There 
are thirteen individual relays providing the normal circuits for each counter. Some of these are 
grouped to function as a single relay of more than twelve poles, this being the maximum number of 
poles available in any single relay as such. Relays 1, 2 and 3 compose the out- relay, while 4, 5 and 6 
compose the in-relay. Relays 7 and 8 are the carry relays, with 9 serving as the carry control relay. 
Also part of the carry circuits are relays 12 and 13, the carry booster relays. The nine's aiid ten's 
carry contacts, of the twenty-fourth column counter, control relays 11 and 10 respectively, these being 
employed in the end aroimd carry circuit. 

The storage counter cams, SC-1 through -9, control the number impulses for reading out either 
from a switch or from a storage counter. Figure 26 shows the circuits for a read-out. The out-relay 
is energized by a circuit through the sequence relay cascade contacts as previously discussed. Begin- 
ning at the positive terminal of the generator, the read-out circuit of a counter is completed to the 
buss through the reset and invert relays, via the brushes connecting the number spots to the half slip 
ring and thence through the out-relay. The read-out circuit of a switch is exactiy simUar except that 
the commutator of the counter is replaced by the manually preset switch contacts. The' wiring by 
which the energized invert and reset relasrs provide complements on nine and ten respectively is also 

shown in Fig. 26. 

In order to read into a counter, a circuit is completed through the in-relay connecting the buss 
to the counter magnets and to the negative terminal of the generator. If a quantity is standing in the 
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counter at the time of read- in so that addition must be performed, the carry circuits are utilized. As 
shown in Fig. 27, the carry control relay, 9, is picked up by an impulse, controlled by SC-13, at two 
time. The first point of this relay, through SC-12, then controls the pick up of the carry relays,? and 
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of relays 11 and 10. These circuits are completed through the nine's and ten's carry contacts, re.- 
spectively, of the counter in the twenty-fourth columnar position. The carry circuits are closed on 
all read-ins except resets, when the carry control relay is not picked up due to the opening of the nor- 
mally closed contacts of the reset relay. The tenth point of this relay is in the pick up circuit of the 

carry control relay. 

If a counter, other than the twenty-fourth, has passed through ten and its ten's carry contact 
has been made, the carry impulse, at twelve time, through SC-10 and the appropriate carry relay 
point, will energize the magnet of the counter in the next higher columnar position. If the twenty- 
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fourth column counter carry contact stands at ten, relay 10 will have been energized at eleven time. 
Then the carry impulse at twelve time controlled by SC-10 will travel through the first point of the 
carry relay, 7, and pick up the magnet of the first column counter for an end around carry. Careful 
study of Fig. 27 will make clear the operation of the circuits when several successive counters stand 
on nine and a carry impulse is provided by the next lower counter. 

The circuits for switches and storage counters including the circuits for all of the specialized 
storage counters are given in Appendix HI. Further, the relay list, Appendix VI, includes all of the 
normal and special storage counter relays together with specific functions of each of the relay points. 

Among others in Appendix m will be found the circuits by means of which it is possible to read 
positive and negative absolute magnitudes out of any storage counter. The first of these circuits finds 



66 



ELECTRICAL CIRCUITS 



MUL! irLiUAiMU - uivisurr U"^,' 



MULTIPLICAND- DIVISOR (3-6) 



MULTIPLICAND- DIVISOR (4-8) 



MULTIPLICAND- DIVISOR (7) 



MULTIPLICAND - DIVISOR (5) 



MULTIPLICAND- DIVISOR (9) 



DIVIDEND 



PRODUCT- QUOTIENT 



CYCLE 



Q-SHIFT SEQ. 



MULTIPLIER 



INTERMEDIATE 



PLUG 
BOARD 



SWITCHES 



RESET 

PUSH 

BUTTONS 



BOARD 



Figure 29 

application in connection with the "intermediate" counter through which all quantities must be read in 
passing into the multiply-divide unit. The operation of the positive absolute magnitude read-out circuit 
is dependent upon the presence or absence of a nine in the twenty-fourth column. Upon read-out, the 
presence of a nine brings about the pick up of the invert relay. Figure 28 illustrates the positive abso- 

refers to the first point of the fourth cascade relay in the C group. The particular C relays shown 
are those necessary to the pick up of the sequence relay 11 called for by the code Miscellaneous 2; 
c.f.,pagel6. The second branch of the circuit in Fig. 28 shows the pickup at thirteen time of storage 
covmter relay 11. This circuit is completed through 3-1, the first point on the third relay composing 
the storage counter out- relay- and through the nine's carry contact of the twenty-fourth column counter. 
The third branch circuit at fourteen time picks up the invert relay through the second point of storage 
covmter relay 11 and through the third point of the third relay composing the out-relay. The use of the 
positive absolute magnitude read-out circuit has been explained here because the application of such 
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a circuit in multiplication and division will reduce the problem to one dealing with positive absolute 
magnitudes only during these operations . 

The counters in the multiply-divide unit and the functional units are not the simple single mold- 
ing cotinters that compose the storage registers. The functional counters are equipped with several 
commutators, each set in a separate molding, and have special wiring which enables these counters 
to perform operations other than simple addition. The operations of adding into and resetting of the 
multiple molding counters are, however, the same as in the case of the storage counters. The counters 
of the multiply-divide unit maybe seen in Plate XI and are arranged as shown in Fig. 29. These 
counters will require individual description. For this purpose, a calculator consisting of six columns, 
the sixth column being reserved for the algebraic sign, will be assumed. This miniature calculator 
may perform all of the operations of the calculator itself. The correspondences given in the table 
below will be valid under this assumption. 
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As previously mentioned, the most frequently used of the multipiy-divide coimters is the inter- 
mediate counter. The multiplicand (MC), divisor (DR), multiplier (MP) and dividend (DD) all pass 
throt^h this counter as they enter the multipiy-divide unit. All these quantities are read into the 
intermediate counter just as they stood in the stor^e counter from which they were selected. All 
four values are read out of intermediate to the appropriate counters as positive absolute magnitudes. 
The MC and MP are transferred without being shifted, but the DR and DD are read out from the inter- 
mediate coxmter so shifted that their first significant digits appear in the twenty-third and forty-fifth 
columns of the DR and DD counters respectively. 

The intermediate counter has twenty-four columns. The twenty-fourth column is a four com- 
mutator, usually called "lour moiuing", counter, xne iirsi moxuing is xissu lor orviinary Teav«=ouis 'osi-j. 
resets. The second moldii^ is used to determine whether it is necessary to sense through zeros or 
through nines to obtain the amoimt of shift necessary in reading DR and DD to their respective counters. 
The third moldii^, if the twenty-fourth column stands at nine, forms a part of the pick up circuit of 
the rela3rs controUii^ the entry of a nine into the forty-seventh, or sign counter, of the product-quotient 
counter (PQ). The fourth molding, if the twenty-fourth column stands at nine, forms a part of the pick 
up circuits of the intermediate invert relay which delivers the positive absolute value of MC, DR, MP 
or DD if these quantities were negative when they entered the multipiy-divide unit. The remaining 
twenty-three columns of the intermediate counter are three molding counters. The first moldings are 
used for ordinary read-outs and resets. The second and third moldings are used when sensing through 
zeros and nines respectively to determine the amoimt of DR or DD shift. 

The nine integer multiples of the MC and DR are built up in the multiplicand-divisor co\mters 

(1-2), (3-6), (4-8), (5), (7) and (9) multiples, are used for this purpose. Of these, the first three are 
equipped with "doubling" read-outs; i.e., they have extra moldings so wired that they may readout 
either the number upon which they stand or twice that number. The wiring diagram of a doubling 
counter is shown in Fig. 30. The number impulses are provided as usual by cam controlled contacts. 
In the counter shown, the read-out may be through one of four relays; reset, build-up, times one or 
times two. As shown, the doublii^ counter requires four moldii^s. The first molding is used for 
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ordinary read-outs and resets. The second moldii^ is used for the doubling read-out when there is 
no carry from the next lower column. The third molding is used for the doubling read-out when there 
is carry from the next lower column. The fourth molding controls the doubling read-out of the counter 
in the next higher coliminar position, selecting its second or third molding according as there is not 
or is carry from the counter imder consideration. All of the MC-DR counters have twenty-four columns 
except MC-DR (1-2), which has twenty-three, and all are equipped with normal carry circuits but no 
end around carry. MC-DR (5), (7) and (9) are composed of single molding counters exactly similar to 
those used in the stor^e registers. 

It is interesting to note that two and five are the only integer multiples which may be obtained 
from a static reading circuit without using an undue amount of equipment. In the case of the two multi- 
ple, the only carry number is unity and hence a carry from the nth column to the (n + l)st cannot 
affect a column of still higher order. Therefore, the circuits of a doubling read-out must passthroi^h 
not more than two counter columns. A similar situation obtains in connection with the five multiple 
as may readily be seen. Since a quintupling coimter is not used in the calculator, no further details 
of such circuits will be given here. 

The MP counter consists of twenty-three double molding counter wheels. The first molding of 
each is used for resets. The second selects the proper multiples of MC to be read out of the MC-DR 
counters . 

The dividend counter has forty-five single molding columns. During multiplication, the multiples 
selected by the even columns of the multiplier are added into DD in the proper columnar position. 
Thus, if the digits in MP are 25137, then 3 x (MC) and 5 x (MC) are read into DD in the following 
positions. 

DD coimter column 
987654321 
— — 3x(MC)— 



■5x(MC)-i- 



The odd multiples of MC are cared for in the PQ coimter which will be described later. 
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counter. Since these subtractions terminate at least one column to the right with each successive 
operation, end around carry is replaced by the addition of an elusive one in the lowest order column 
of each subtrahend. 

The product-quotient counter has forty- seven columns. The forty- seventh column of PQ, some- 
times called the sign counter, has two moldings. The first of these is used for resets. The second, 
if the counter stands at nine, forms a part of the circuits picking up the DD-PQ invert relay, in order 
to read out the negative product or quotient. The sign counter is the only one in the machine which 
cannot be reset by button. If the machine is stopped before a multiplication or division is terminated, 
care must be taken to see that this cotaiter is manually reset before continuing operation. This must 
be accomplished by manipulation of the armature of the counter magnet. 

Durir^ multiplication, the multiples selected by the odd columns of the miiltiplier are added into 
PQ in the proper columnar position. Thus, if the digits in MP are 25137, then 7 x (MC), (MC) and 
2 X (MC) are read into PQ in the following positions. 

PQ covmter column 
11 10 987654321 

7 X (MC)-* 

-^(MC) " 

2 X (MC)- 

At the end of the multiplying operation, the multiples previously added into DD are transferred to PQ 
and the final product read out from this counter. The device of adding the odd and even multiples of 
MC into the PQ and DD counters, respectively, doubles the speed of multiplication because two mxilti- 
ples may be added in each machine cycle. 

The PQ counter in the case of division receives the digits of the quotient which are read in suc- 
cessively, starting at the forty-sixth column. 

The quotient shift counter (QS), as mentioned in Chapter 11, is used to calculate the number of 
columns the quotient must be shifted to the right upon reading out to the buss in order to conform with 
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the operating decimal position. This counter has two columns. The first column is a four molding 
counter. Of these four moldings, the first is used for reset. The second, third and fourth are vised 
to read out quotient shifts amounting to zero through nine columns, ten through nineteen columns and 
twenty through twenty-two columns, respectively. The second column of the QS counter has two mold- 
ings . The first molding is again used for reset and the second to read out the tens digit of the amount 
of shift in conjxmction with the proper molding of the first column. The quantity standing in the QS 
counter is not read out in the ordinary manner but rather the combination of number spots in the two 
columns form a part of the pick up circuit required to select the appropriate section of the Q-shift 
relay. During each dividing operation the QS coimter receives four quantities. These are: (1) the 
complement on nine of the amount of the DR shift left when reading from the intermediate counter to 
the MC-DR counters; (2) the amount standing in the divide switch which is equal to 22 - n where the 
operatii^ decimal point lies between columns n and n + 1; (3) an elusive one in the first column; (4) the 
amount of the DD shift left when reading from the intermediate coiinter to the DD coimter. The total 
standing in the Q-shift counter must always be positive, as no provision is made for shifting the 
quotient to the left because quantities so shifted would be above the capacity of the calculator under 
the assumed operatii^ decimal position. The shift is counted to the right considering the forty-sixth 
column of PQ as corresponding to the twenty-third column of the buss. 

All of the multiply-divide counters so far described are controlled by a subsidiary sequencii^ 
circuit which includes two special counters. The first of these is the sequence coimter which has one 
four molding coimter wheel. When the first line of multiply or divide coding has been read, this counter 
is stepped forward one position. It continues to step once each cycle during the build-up of the inte- 
ger multiples of MC-DR, for the resets of the intermediate counter and finally for the read-out of the 
product or quotient. This counter also has the function of signalling the main sequence mechanism to 
read the line of coding supplying the mviltiplier or dividend and the line of coding delivering the product 
or quotient. The first molding of the sequence coimter is used for resetting. The functions of the re- 
maining three moldii^s are best presented in a table which lists the relays whose pick up circuits are 
governed by each position of the sequence counter. The table includes the relays used both in multi- 
plication and division. 
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Seq, Ctr, 


Second Molding 


Third Molding 


Fourth Molding 


1 


Intermediate In 


Not used 


DD-PQ Reset 


2 


Shift Pick Up 


MC-DR In 
Q-Shift Invert 


Intermediate 
Invert Control 


3 


First Build-up 


First and Second 
Build-Up 


Intermediate 
Reset 


4 


Intermediate In 


First and Second 
Build-Up 


Second Build-Up 
Add-22 


5 


Shift Pick Up 


MP-In 
DD-In 


Intermediate 
Invert Control 




N^'^t used 


Not used 


Intermediate 
Reset 


7 


Sequence Ctr. 
Reset 


MC-DR Reset 


Product Out 


8 




Not used 




9 




Not used 





The impulse which steps the sequence coimter is not derived from the number impulse cam con- 

tacts. XIllS impUlSc lO OUppJLlCU at. ^cxu lIuIw ujr a ^u.^<.x x^v^x^.^ x<^^x,^ .^^ _!., --, r 

sequence counter fifteen points earlier than all other multiply-divide counters in order to give the 
associated relay circuits ample time to operate before numbers are transferred. 

The second special counter employed by the multiply-divide unit is the cycle counter, which 
consists of one five molding counter of which the fifth molding is used for resetting. The first four 
moldir^s of the cycle counter control the multipl3ring and dividing operations between sequence counter 
positions SIX ana seven, i/uring nxuxupucittiun tuc \.jr^xc .^uu«i.ci o..cpo ^^nv-w ^€*w. «,jv.*v. «^*^ ..xv-^^ ^^^^ 
moldings determine the columnar positions in DDandPQ to which the multiples of MC are read. Dur- 
ing division the cycle counter steps once each subtracting cycle, controlling the columnar positions in 
DD from which the multiples of DR are subtracted. 

The complete circuits for multiplication are given in Appendix IV, and for division in Appendix 
V. These appendices also include timing diagrams which give the positions of relay and counter mag- 



75 

ELECTRICAL CIRCUITS 

nets as picked up and held by impulses through the cam controlled contacts . The relays used in multi- 
plication and division, including the functions of each wired point, are listed in Appendix VI. Each 
cam, with the time of make and break of its contact and its function, appears in Appendix VII. The 
multiply-divide fuses are classified in two ways in Appendix Vm; first, listing the relays and the fuse 
to which each is connected, and second, listing the fuses and the relays which they serve. Figure 31 
shows, cycle by cycle, the transfers of quantities from counter to counter in the multiply-divide vmit 
during the multiplication 0.3461 x 2.5137 = 0.8699. The operation is carried out on the miniature six- 
column calculator previously mentioned. 

Cycle 
The sequence mechanism reads the first line of multiply coding (A, 761, blank). The sequence counter 
advances to one. 

Cycle 1 
The MC is read from storage coimter A via the buss to the intermediate counter. The intermediate 
carry circuits, including end around carry, are energized. The DD, PQ and QS counters are reset. 
The sequence counter advances to two. 

Cycle 2 
The positive absolute value of MC is read into MC-DR (1-2), (3-6), (5), (7) and (9) within the multiply 
unit, (Fig. 32). The sequence counter advances to three. 

Cycle 3 
If a nine stood in the twenty-fourth column of the intermediate counter (MC ^ - 0), a nine is read into 
the forty-seventh column of PQ. The intermediate -coimter resets. The first build-up takes place; 
i .e ., the first step is taken in building up the nine integer multiples of MC . Twice the MC is read from 
the doubling moldings of MC-DR (1-2) to MC-DR (3-6), (4-8), (5) and (9) within the multiply unit, 
(Fig. 32). The sequence counter advances to four. The sequence mechanism reads the second line of 
multiply coding (B, blank, blank). 

Cycle 4 
The MP is read from storage counter B via the buss to the intermediate counter. The complete inter- 
mediate carry circuits are energized. The second build-up takes place, completing the nine integer 
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multiples of MC-DR. Twice the MC is read from the doubling moldings of MC-DR (1-2) to MC-DR (4-8) 
and (5). Six times MC is read from the doubling moldings of MC-DR (3-6) to MC-DR (7) and (9), 
(Fig, 32), The sequence counter advances to five. 

Cycle 5 
The positive absolute value of MP is read to the MP counter from the intermediate counter. The 
sequence counter advances to six. The cycle counter advances to one. 

Cycle 6 
K a nine stood in the twenty-fourth column of the intermediate counter (MP ^ - 0), a nine is read into 
the forty- seventh column of PQ. There is no end around carry from column forty-seven to column one 
of PQ. The eight spot of column forty-seven of PQ is jumpered to the zero spot. The algebraic sign 
is, therefore, cared for in the following manner. 

+ . + = + corresponds to + = 0, 

+ . - = - corresponds to + 9 = 9, 

- . + = - corresponds to 9 + = 9, 

- . - = + corresponds to 9 + 9 -► 8 -^ 0. 
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If, at the end of multiplication, a nine stands in the forty-seventii column of PQ, the product is in- 
verted as it is read out into the buss, since it stands in PQ as a positive absolute magnitude. The 
intermediate counter resets and is ready for the next multiplying or dividing operation. Under control 
of the cycle coimter, the multiples corresponding to the digits in the first and second columns of MP 
are added into PQ and DD respectively. The cycle counter is advanced to two. 

The multiples of MC continue to be selected in pairs and added, while the shift circuits advance 
the columns of entry into PQ and DD under control of the cycle counter. If both of a pair of digits of 
MP, one in an odd and one in an even column, are zero, the next pair of multiples is immediately 
properly shifted and added. If the entire MP is zero, cycle 6 is combined with cycle 9. If the MP is 
not zero, but contains n non-zero digits in either the odd or even numbered columns, whichever is the 
greater, then n - 1 cycles intervene between cycle 6 and cycle 9— 6 + n. Thus, in order to increase 
the speed of multiplication, whenever possible the number having the fewer non-zero digits should be 
used as the multiplier. If a multiplication is to be performed in which one factor is a constant, this 
quantity should usually be used as the multiplier because the number of non-zero digits and their po- 
sitions are known. This makes it possible to interpose a predetermined number of operations during 
the multiplication. (See Chapter IV, Coding, Multiplication.) 

Cycle 7 (4 + n) 
A pair of multiples is added into PQ and DD. The cycle counter is advanced. 

Cycle 8 (5 + n) 
The last pair of multiples is added into PQ and DD. The cycle covuiter is advanced. 

Cycle 9 (6 + n) 
The first DD to PQ transfer takes place. The quantity standing in the lower half of DD is added into 
the lower half of PQ. The cycle counter is advanced for the last time. If MP = 0, this cycle combines 
with cycle 6. 

Cycle 10 (7 + n) 
The second DD to PQ transfer takes place. The quantity standing in the upper half of DD is added into 
the upper half of PQ. The MC-DR,MP and cycle counters are reset in preparation for the next oper- 
ation. If the multiplying operation is interrupted, these counters together with the intermediate. 
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counter advances to seven. The sequence mechanism reads the last line of multiply coding (blank, C, 7). 

Cycle 11 (8 + n) 
The product is read out to storage counter C via the buss and the multiply plugging. (See Chapter V, 
Plugging Instructions.) The product is inverted if a nine stands in the forty-seventh column of PQ. 
The sequence counter and the forty-seventh column of PQ, the sign counter, are reset. The sequence 
mechanism reads the next line of coding. 

It may readily be seen from Fig. 31 that the rounding off error in multiplication is less than one 
in the lowest order column read out; i.e., if the operating decimal point lies, for example, between 

1 c 

«^i,,w%i%c 15 and 16 the roundin- off error will be less than 1 x 10 . 

Included in Appendix IV are the circuits of the low ord^r read-out of PQ and of the normalizing 
register, both described in Chapter n. The use of these circuits and their coding is considered in de- 
tail under High Accuracy Computation and Normalizing Register in Chapter IV. 

Division makes use of aUof the functional counters used in multiplication except the MP counter. 
This process does, however, make use of the QS counter, previously described on page 72. The pair 
of dial switches just to the right of the sequence mechanism must be set to 22 - n where the operating 
decimal point lies between columns n and n + 1 . Division also requires plugging to terminate the 
operation after the desired number of comparisons have been made. This plugging and the coding 
controlling it are considered under Division in Chapters IV and V. 

Figure 33 shows the transfer, cycle by cycle, of the quantities in the multiply-divide unit during 
division. Again the miniature six -column calculator is used for purposes of illustration. The division 
of - 0.375 by + 0.213 to give - 1.760 is performed. The operating decimal point is considered to lie 
between columns three and four, the divide switch being set at 4 - n = 4 - 3 = 1, since column four of 
the miniature calcxilator corresponds to column twenty- two of the actual machine. The division is 
considered to be plugged for five comparisons. 

Cycle 
The sequence mechanism reads the first line of divide coding (A, 76, blank). The sequence counter 
advances to one. 
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Cycle 1 
The DR is read from storage counter A via the buss to the intermediate counter. The intermediate 
carry circuits, including end around carry, are energized. The DD, PQ and QS counters are reset. 
The sequence counter advances to two. 

Cycle 2 
The positive absolute value of DR is read, without traversing the buss, to MC-DR (1-2), (3-6), (5), (7) 
and (9) so shifted that its highest significant digit appears in the twenty-third column of MC-DR (1-2). 
The complement on nine of the number of columns the DR is shifted left is read into the QS counter. 
An elusive one is read into the first column of the QS counter. The sequence counter advances to 
tiiree. 

Cycle 3 
If a nine stood in the twenty-fourth column of the intermediate counter (DR ^ - 0), a nine is read into 
the forty-seventh column of PQ. The intermediate counter resets. The first build-up takes place. 
Twice the DR is read from the doubling moldings of MC-DR (1-2) to MC-DR (3-6), (4-8), (5) and (9) 
within the multiply-divide unit. The sequence counter advances to four. The sequence mechanism 
reads the second line of divide coding (B, blank, blank). 

Cycle 4 
The DD is read from storage counter B via the buss to the intermediate counter. The complete inter- 
mediate carry circuits are energized. The second build-up takes place, completing the nine integer 
multiples of DR. Twice the DR is read from the doubling moldings of MC-DR (1-2) to MC-DR (4-8) 
and (5). Six times DR is read from the doubling moldings of MC-DR (3-6) to MC-DR (7) and (9). The 
quantity standing in the divide switch is read into the QS counter. The sequence counter advances to 
five. 

Cycle 5 
The positive absolute value of DD is read into the DD counter so shifted that its highest significant 
digit appears in the forty-fifth column of DD. The number of columns the DD is shifted left is read 
into the QS counter, completing the computation of the number of columns the quotient must be shifted 
to the right when it is read out. The sequence counter advances to six and the cycle counter to one. 
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Cycle & 
U a nine stood In the twenty-fourth column ol the Intermediate counter (DD < - 0), a nine is read into 
the forty-seventh column of PQ, completing the determination of the algebraic sign of the quotient by 
the same means as are used In multiplication. The intermediate counter resets and Is ready for the 
nest multiplying or dividing operation. The nine Integer multiples of the divisor are read to the DR 
compare relay and the dividend is read to the DD compare relay. A sensing circuit through the com- 
pare relays selects the largest multiple of the divisor less than the dividend. If aU multiples are 
greater t.han DD, the cycle becomes a "no go" cycle and the comparison is made again, shifted one 
column to the Hght, In the next succeeding cycle. Since all comparing operations are Identical, the 

.... «-fi^« ^-1" H*» ,'n„si^^ofoH and described in connection with cycle 10, 

comparii^ circuiis ana ineir opeiawO" ^ixi s-- iii«^^»".- 

Cycle 7 
The selected multiple of DR Is subtracted from DD, with an elusive one added In the first column of 
the subtrahend. The digit defining the multiple is entered in the PQ counter. The cycle counter Is 

advanced. 

Cycles 8 and 9 
These two cycles of the example duplicate the compare and subtract operations described in cycles 6 

and 7. 

Cycle 10 

This cycle duplicates the comparing operations performed in cycles 6 and 8. According to Fig. 33, 
the quantity 012900000 now stands in the DD counter. Since, in the example, cycle 10 makes the third 
comparison, thequantity 129000 is transferred to the DD compare relay. This transfer is accomplished 
.„ »,.-.,„-*o .f ™w.h nnP column is shown in Fig. 34. In these and following circuits, certain relay 
and hold points,not necessary to the discussion, have been omitted for the sake of brevityand clarity. 
The complete circuits will be found in Appendix V. 

The quantity 129000 is transferred to the DD compare relay by impulses derived from the cam 
controlled contacts CC-1 through -9. By impulses derived from the same cam controlled contacts, 
Fig. 34, each of the nine integer multiples of the divisor is read to the DR compare relay. The com- 
pare relays are all provided with hold circuits, not shown in the figure, such that these relays once 
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L. 



picked up remain energized until twelve time. With the aid of the compare relays, DD is compared 
with each of the nine integer multiples of DR at one and the same time. How this is accomplished will 
be explained for the case of the sixth column of the miniature calculator. The integer standing in this 
column of DD is one. The integers standing in the corresponding columns of the multiples of DR, one 
through nine,are 0, 0, 0, 0, 1, 1, 1, 1, 1, respectively. At "one time" the DD compare relay is picked 
up. At the same time, the DR compare relays associated with the five, six, seven, eight and nine 
multiples are likewise picked up. As previously stated, all these relays are held until twelve time. 

The DD and DR compare relays have contacts wired as shown in Fig. 35, known as the over-imder 
circuits. The over and xmder relays are picked up by impulses supplied by the cam controlled con- 
tact, CC-24, which is timed one-quarter impulse later than each of the number Impulses derived from 
CC-1 through -9. Each over relay is picked up through a normally open point of a DR compare relay 
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and a corresponding normally closed contact of the DD compare relay. Similarly, each under relay 
is picked up through a normally closed point of a DR compare relay and a corresponding normally 
open contact of the DD compare relay. Three cases must now be distinguished. (1) If the digit of a 
DR multiple is greater than the digit of DD,the DR compare relay corresponding to the given multiple 
is picked up before the DD compare relay and a circuit is completed through the normally closed point 
of the DD compare relay and the normally open point of the DR compare relay to pick up the over relay. 
(2) If the digit of a DR multiple is less than the digit of DD, the DR compare relay corresponding to 
the given multiple is picked up after the DD compare relay and a circuit is completed through the nor- 
mally open point of the DD compare relay and the normally closed point of the DR compare relay to 
pick up the imder relay. This is true of the one, two, three and four multiples in the example under 
consideration. (3) If the digit of a DR multiple is equal to the digit of DD, the DR and DD compare 
relays are picked up simultaneously and no circuit is completed to pickup either an over or an under 
relay. This situation occurs in the case of the five, six, seven, eight and nine multiples in the example. 

All of the over-under relays, like the compare relays, are held vintil twelve time. Recalling that 
Figs. 34 and 35 are drawn for one colimin only, it should now be clear that the miniature calcvilator 
has six DD compare, fifty-four DR compare and ninety-nine over-under relays corresponding to 
twenty-four DD compare, 216 DR compare and 423 over-imder relays in the calculator itself. 

The over-under relays of all columns have contacts connected to form nine identical circuits, 
called Q control circuits, one of which is shown in Fig. 36. These circuits are supplied with an 
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imnnlsp at el6yen time b'^'tlieca.iii controllsd contsct CC-37 Es.ch circuit controls ths "icku" of one of 
the nine Q control relays. The operation of these circuits may be made clear by a discussion of the 
relays associated with the two highest columns. Three cases must again be distinguished. (1) If the 
digit of a DR multiple is greater than the digit of DD in the sixth column, Fig. 36, the normally closed 
over relay contact of column six will be open. No circuit will be closed to pick up a Q control relay. 
(2) If the digit of a DR multiple is less than the digit of DD in the sixth column, the over relay contact 
remains closed, the under relay transfers its contact and the circuit is completed to energize a Q con- 
trol relay. (3) If the digit of a DR multiple is equal to the digit of DD in the sixth column, neither the 
over nor the under relay is picked up. In this case the operation of the circuit is controlled by the 
over-imder relays associated with the fifth column and so on. 

In the particular case of the example vinder consideration, the sixth Q control relay is picked up 
by the normally open under relay contact of column four, since the digits in columns six and five have 
been found equal . The Q control relays once picked up are held until nine time . 

The last step in the comparison cycle consists of the selection of the multiple of the divisor to 
be subtracted from the DD counter in the next succeeding cycle. This is accomplished by the circuit 
shown in Fig. 37 made up of contacts of the Q control relays of which there are nine, one for each 
integer multiple. The Q control relays have, by the over-under relays, been divided into two classes: 
those not picked up, corresponding to DR multiples greater than DD; those which are energized and 
correspond to DR multiples less than DD. In Fig. 37, the cam controlled contact CC-31 at twelve and 
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one-half time delivers an impulse to pick up the appropriate part of the "times right" relay corre- 
sponding to the positions of the contacts of the Q control relays. In the example, the nine, eight and 
seven multiples are aU greater than DD, while the six multiple is the largest multiple less than DD. 
Hence, the impulse supplied by CC-31 passes through the normaUy closed Q control contacts nine, 
eight and seven, and through the normally open contact, six, to the six times section of the times right 
relay. In the next cycle this six times section of the times right relay serves as an out relay when 
reading the selected six multiple to the DD counter for subtraction. The times right relay also 
controls the entry of the digit defining the multiple into the PQ counter. The simple circuit for ac- 
complishing this is given in Appendix V. 

Cycle 11 
This is a subtract cycle duplicating the subtracting operation of cycles 7 and 9. The appropriate digit 
is entered into the PQ counter. The cycle counter is advanced. 

Cycle 12 
This is a compare cycle which yields a no go in the example. 

Cycle 13 
This is the fifth compare cycle. The place limitation plugging becomes operative to energize the relay 
circuits terminating the division under discussion. If the calculator is plugged for n comparisons, a 
minimum of n + 1 cycles and a maximum of 2n cycles will occur between the reading of the dividend 
to the DD counter (cycle 5) and the read-out of the quotient (cycle 15). 

Cycle 14 
The last subtraction is made in the DD counter and the last digit of the quotient entered in the PQ 
counter. The cycle and sequence counters are advanced for the last time. The sequence mechanism 
reads the last line of divide coding (blank, C, 7). 

Cycle 15 
The quotient is read out to storage counter C via the buss and that part of the quotient-shift relay 
selected by the quantity standing in the QS counter. The quotient is inverted if a nine stands in the 
forty-seventh column of PQ. The MC-DR, sequence, cycle and sign (forty-seventh column of PQ) 
counters are reset. The sequence mechanism reads the next line of coding. 
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It may be seen from Fig. 33 that the roimding off error in division is either less than one m ~.e 
lowest order column read out, or less than one in the column in which the last comparison is made. 
If the operating decimal point lies between columns 15 and 16 and division is plugged for n compari- 
sons, the rounding off error is less than 1x1 0"^^ or Ix 10"^, whichever is the greater. 

The discission of division completes the description of the fundamental computing circuits of 
the calculator, those of addition, subtraction, multiplication and division. There remain to be dis- 
cussed the functional imits. These consist of subsidiary sequence circuits which control the multiply- 
divide unit and certain special counters. These coimters are mounted to the right of the multiply- 
divide unit, Plate XI, and are arranged as shown in Fig. 38. Among the special counters are the 

-. its i_ i. 1. .'T Ti~.\ ^u^ s^^^^^^iimn .-.ry-.-.r.iai' /T rvT^ the oYnnnpnti 3 ^ in-f!«t Counter (EIO) and 

the sine in-out coxmter (SIO). As described on pages 37 and 38, the LIO and SIO coimters are available 
for arithmetic operations in addition to their normal use in their respective units. The logarithm 
sequence (LS), logarithm cycle (LC), ejq)onential sequence (ES) and two sine sequence (SS^ and SS^) 
counters are subsidiary sequence controls similar to the sequence and cycle counters of the multiply- 
divide unit. In addition to the functional counters and the multiply-divide unit, these sequence counters 
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also control certain table relays. The wiring of a table relay (columns thirteen throi^h twenty-four) 
containing r and reading directly into the buss is shown in Fig. 39. Such a relay is picked up through 
the subsidiary sequence control and held throi^ one of its own points during that part of a machine 
cycle given over to the nine number impulses. 

Since the computation of the logarithm, exponential and sine is accomplished by the multiply- 
divide unit operating in conjunction with the fimctional coimters and certain table relays, a complete 
discussion of the electro-mechanical tables of these fimctions would further require only a description 
of the functional sequence circuits . The theory of the methods employed together with the order in 
which the operations are performed in the computation of the logarithm, exponential and sine was set 
forth on pages 28 through 37 of Chapter H. The sequence circuits of the functional units are elaborate 
extensions of the circuits already described under multiplication and division covering a great many 
cycles. They would require a protracted discussion to set forth their operations cycle by cycle . Since 
no new ideas of circuit design are introduced, the description would add but little to an xmderstanding 
of the basic principles of the calcvdator. Hence, the functional units will receive no further attention 
here. 
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The Interpolator units make use of three special counters (Fig. 38), the interpolation, the in- 
terpolation check and the 7L counters. All three of these function during tape positioning. As stated 
in Chapter II, the interpolation counter receives the argument (and the highest order column of h) to 
which the tape is to be positioned. The interpolation check coimter also receives the argument, in 
order to check the position of the tape when the interpolator mechanism has come to rest. The X^ 
counter counts the number of coefficients passed over in stepping the tape and signals for a one to be 
added or subtracted from the interpolation counter for each argument passed over. Once the tape has 
been positioned, relay networks together with the X*^ counter control the computation. The interpo- 
lation sequence circuits again are of the same general t3rpe as those used in the fimctional units, 



is further complicated by the necessity of reading numerical values from a tape. The reading of a 
functional or value tape is similar to the reading of a sequence control tape, except that four lines of 
holes, coverii^ the same space as two lines of coding are read simultaneously, (Figs. 13 and 14). 
Fig. 40 shows one colunm of the wiring employed for this purpose. The reading contacts are closed 
in the distribution demanded by the punching in the tape, not shown in the figure. An impulse supplied 
by FC-54 passes through the closed readii^ contacts to energize the value tape relays. These relays 
are held through their own fourth points and FC-55, The value tape relays, like the sequence relays, 
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form a cascade. The nine niunber impulses are read through a cascade (Fig. 41) for each column of 
the tape to the corresponding column of the buss. Actually, Fig. 41 is drawn for the case of a value 
tape rather than a functional tape and hence reads directly into the buss without passing throv^h the 
plugging and relays as required by the process of interpolation. (See Chapter V, Interpolators.) 

In addition to the counters given over to the electro-mechanical tables of functions, Fig. 38 also 
shows the print and punch registers employed in the recording of computed results . The punch regis- 
ter has twenty-four double molding counters and is equipped with complete carry circuits including 
end around carry. The first moldings are employed for resets and for ordinary read-outs, thus making 
the punch register available for use as an additional storage counter. The second moldings are used 
to deliver the quantity standing in the punch register to the punch itself. This is accomplished by means 
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of the circuit shown in Fig. 42. An impulse through the column selection contact of the punch and 
through the energized punch relay passes to the half slip ring of the twenty-fourth column of the pxmch 
counter. From the half slip ring it travels via the brushes to the number spot, throi^h another con- 
tact of the pimch relay to the punch magnets . The punch magnets control the punches which perforate 
a standard tabulating machine card as shown in Fig. 43. The quantity e, the base of natural logarithms, 
and a serial number have been entered in this card. The operation of the punch magnets also com- 
pletes circuits which control the forward motion of the card to the next column and the movement of 
the column selection contact to the next lower column of the punch counter. The operation is repeated 
imtii the integer in column one has been punched. The card is then skipped out of the punch and stack- 
ed. The pimch relay is energized and the pvmching operation initiated by the code Miscellaneous 5. 
The normally closed contacts of the punch relay, not shown in the diagram, complete the ordinary 
read-out circuits of the punch coimter. 
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Figure 43 



The punch is equipped with a special circuit such that if there is no card in punching position, 
a stop control prevents punching, stops the calculator and lights a red signal light. Other than this 
circuit to avoid the loss of computed results, the punch wiring is of the standard t3^ described in 
the publications of the International Business Machines Corporation. 

The moveable column selection contact of the pxmch is replaced in the print circuit by the print 
step counter (PS), (Fig. 38). The print circuit is similar to the punch circuit, but considerably more 
complicated due to the fact that the complements on nine as delivered to the print counters must be 
inverted and printed in true form. The print circuit is further complicated becavise of the flexibility 
required in the printing operation. For example, the typewriter plugboards provide controls by means 
of which zeros may be dropped off to the right and left, decimal points and minus signs may be printed 
and the digits of the quantity horizontally spaced as desired. The plugging of the two line stepcoxmters 
(LS and LS ) controls the vertical spacing of the quantities being printed. All of the plugging neces- 
sary to the printing operation is described in detail in Chapter V. 

The two print counters (Fig. 38) have complete carry circviits, including end around carry, and 
may perform all of the operations of normal storage counters. They consist of twenty-four four 
molding counters. The first molding is used for ordinary operations and resets. However, all four 
moldii^ are used to deliver the quantities in the print coimter to the magnets which operate the num- 
ber keys of the tsrpewriters. Except for these magnets the typewriters (Plate XIV) are standard 
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writinc machines manufactured b'"' the International Business Machines Corporation and described in 
detail in that company's publications. 

Located Just below the tj^pewriters (Plate XIV) are two card feeds. These read quantities from 
standard tabulating machine cards (Fig. 43) into the calculator under control of the sequence mecha- 
nism . Sequence relays control the pick up of the solenoids directii^ the downward motion of the card 
through the feed and the pick up of the brush control relay. The nine number impulses, provided by 
the control cams CC-17, 19, 21 and 23 are routed through a brush to the common roller, (Fig. 44). 
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Figure 44 

The reading brush of each card column makes contact with the common roller through the perforations 
in the card. The motion of the card between the brushes and the common roller is so timed that the 
nimiber impulses and the number perforations in the card are ssmchronized. From the reading brush, 
the impulse travels via the plugging and the brush control relay to the buss. The card feeds are 
equipped with an automatic control such that a card jam or lack of cards in the feeds will stop the 
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calcvdator and light a red signal light. Like the catrd punch and the typewriters, descriptions of the 
card feeds may be found in the publications of the International Business Machines Corporation. 

The card feeds are the last of the component parts of the calculator to be described in this 
chapter. The discussion of electrical circuits here given is far from complete. It is hoped, however, 
that it will furnish an adequate preparation for the coding and plugging procedures to be discussed in 
the two following chapters. These, followed by a study of the examples given in Chapter VI, will 
enable a mathematician to make full use of the calculator, and to exploit its facilities to the greatest 
possible advantage . 
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CHAPTER IV 

CODING 

"These Babes of Grace shoxild be tav^ht by a master well verst in the cant language 
or slang patter, in which they should by all means excel," 

Early Elizabethan. Quoted in "Secret and Urgent" by Fletcher Pratt 

The basic codes initiating the various available operations of the calculator may be employed 
one after another as required in the solution of a problem without further change. However, in order 
to attain the maximum speed of computation, full advantage must be taken of the methods of interpo- 
sition. These are governed by a set of rules which can best be made clear by the study of a large num- 
ber of examples. There are many coding routines, such as that for determining the square root by an 
iterative process, which occur so frequenUyas to make standard coding procedures of real value. This 
chapter includes the following sections containii^ the basic codes and certain of the longer procedures. 
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The operational codes include all codes except those of the switches and the storage counters. 
An operational code is defined as automatic if it initiates a process which controls the operation of 
the machine for one or more succeeding cycles. A code which is non-automatic is read, acted upon 
and the sequence mechanism steps to the next line of coding but does not read it. A non-automatic 
code must lie under the control of an automatic code or a Miscellaneous 7 must be added. 

Automatic Codes 



Stop code. If the control switch on the sequence mechanism is down 
and the stop key depressed, the machine will stop on the line follow- 
ing the next 87 code. 

Read the next line of coding and step to the one beyond. If the control 
switch on the sequence mechanism is in the up position and the stop 
key down, the machine will stop on the line following the next 7 code. 

Punch and complete punching before starting next operation. Stop the 
machine if there is no card in punching position. 



Print and complete printing before starting next operation. Used 
when 752 or 7521 is in the In column. 



OUT 


IN 


MISC. 






87 



Drop out tape selection relays. 



Automatic check. 



Interpolator position tape to the closest lower value of the argument. 
May replace 61. 



Read into EIO counter. 



Read into print counter I. 



Read into print counter n. 



Read into punch counter. Stop the machine if there is no card in 
punching position. 
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Divide. 
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MISC. 
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Multiply. 
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Logarithm. 
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Esponential. 



7621 



Inierpoiate. 



763 



Sine. 



7631 



] 



Select interpolator I. 





7654 





Select interpolator U, 





76541 





Select interpolator m. 





76542 





Print counter I half pick-up. 



76543 



765431 



I L 



Read into SIO counter (read-in II, plugged). 



Read out of EIO counter. 
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Read out negative absolute value from storage counter. 



OUT 


IN 


MISC. 






1 



Read out positive absolute value from storage counter. 



Invert read-out of IVS or switch. 



Reset IC counter. 



Reset EIO counter. 



Invert read-out of any storage counter or swlteh tsetpt IVS* 



Reset SIO counter. 



Invert or do not invert read-out of any storage counter or switch 
(except IVS) under control of counter 70. 



Punch, 



Step interpolator I ahead. 



Step interpolator II ahead. 



Step interpolator m ahead. 



Step interpolator I back 
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Step interpolator n back. 



OUT 


IN 


MISC. 






541 



Step interpolator m back. 







542 



Pick up interpolation sequence control relay. 



62 



1 



Reset LIO counter. 



63 
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Read from card feed I. *, 
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Read from card feed n. 
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Place limitation in division. 







643 



Place limitation in division. 





6431 



Place limitation in division. 







6432 



Place limitation in division. 
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Print on typewriter I. 



752 



Print on typewriter n. 



Read into LIO counter. 



Read into normalizing register. 
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Special read-in for counter 64 "ganging" carry controls of counters 
64 and 65. 



OUT 


IN 


MISC. 
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Special read-in for counter 65 "ganging" carry controls of counters 
64 and 65. 



Special read-in for counter 68 "ganging" carry controls of counters 
68 and 69. 



Special read-in for counter 69 "ganging" carry controls of counters 
68 and 69. 



Read into SIO counter (read-in I, direct). 



Read out of HO counter (plugged read-out). 



Read out power of ten from normalizing register. 



Read out of SIO counter (read- out n, plugged). 



Reset print counter I. 



Reset print counter II. 



Reset pimch counter. 



Read out of I VS. 



Read tape I. 



Read tape n. 





871 








873 








8731 








874 






831 








8321 








84 








842 








8421 








843 








8431 








85 








851 
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Read tape HI. 



OUT 


IN 


MISC. 


852 







Read out of (into) columns 13-24 of counter 71 into (from) columns 
13-24 of the buss. 



Read out of (into) columns 13-24 of counter 71 into (from) columns 
1-12 of the buss. 



Low order PQ counter read-out. Read out columns 1-23 and the 
algebraic sign of PQ coxmter . Must directly follow a high order 
product-out or a quotient-out. 



rbCitU (JUL UX pilliL UUUllLCX' 1. 



Read out of print counter n. 



Read out of piinch counter. 



Argument control, drops off zeros to the right. 



853 


(853) 






8531 


(8531) 






86 







S62 








8621 








863 








87 


1 1 





Turn on t3rpewriter n. 



871 



Tiim on typewriter I. 



-| r 



872 



Tiim off tvnAwriter TT . 



8731 



J L 



Turn off typewriter I. 



Read out of SIO counter (read- out I, plvigged). 



Read out of SIO counter (read-out in, direct). 



8732 








874 








8741 
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(1) The unit of time employed by the machine is the cycle; 200 cycles equal one minute. 

(2) Except for certain functional operations, one line of coding corresponds to one cycle of machine 
time, 

(3) Multiplication requires 8 + n cycles, where n is the numberofnon-zero digits in the odd or even 
columns of the multiplier whichever is the greater. Multiplication consumes a minimum of time 
when the multiplier is zero: 8 cycles =2.4 seconds. When the multiplier contains 23 non-zero 
digits, maximum time is consumed: 20 cycles = 6.0 seconds. 

(4) Division requires 6 + 2n cycles, where n is the number of comparisons for which division is 
pli^ged. Division covers a minimum of time when the operation contains but one subtract cycle: 
7 + n cycles: a maximum of time when it is plugged for 23 comparisons and there are no "no 
go's": 52 cycles = 15.6 seconds. 

(5) Logarithms require 114 + 8n cycles, where n is the number of comparisons for which division 
is plugged. The divisions, which are a part of the logarithm sequence, are carried through 23 
comparisons unless division is plugged for fewer comparisons. If division is plugged for 23 
comparisons, the computation of a logarithm requires at most 298 cycles = 1.49 minutes = 89.4 
seconds. 

(6) Exponentials require 172 + 2n cycles, where n is the number of comparisons for which division 
is plugged. The division, which Is part of the negative exponential sequence, is carried through 
23 comparisons unless division is plugged for fewer comparisons. If division is plugged for 23 
comparisons, the computation requires at most 218 cycles = 1.09 minutes = 65.4 seconds. If 
X is known to be positive, the exponential computation is reduced to 167 cycles = 0.835 minutes 
= 50,1 seconds. 

(7) Sines require 199 cycles = 1,0 minutes = 60 seconds. 

(8) Interpolation of order k 

(a) Positioning time for any tape is 

P = 8 + N(k + 2)/^ cycles, maximum 
where N = the number of arguments in the tape 

k + 1 = the number of interpolational coefficients including Cq. 

(b) Computation time is 

C = 7 + k(4 + n') cycles 
where k + 1 = the number of interpolational coefficients including C . 

If the maximum number of digits in any interpolational coefficient is 2d; i,e., even, then 
n' = d. 

If the maximum number of digits in any interpolational coefficient is 2d + 1; i.e., odd, then 
n' =d+l. 



106 
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(9) Punching a card through 24 columns and resetting the punch counter requires 10 cycles, 

(10) Printing and resetting the print counter requires (10c /27) + 4 cycles, where c is the number of 
column selection plvighubs up to and including the reset. An allowance of 23 cycles between 
prints is sufficient for any printing. 
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SWITCHES 



No. 


Code 


No. 


Code 


No. 


Code 


1 


741 


21 


75431 


41 


7651 


2 


742 


22 


75432 


42 


7652 


3 


7421 


23 


754321 


43 


76521 


4 


743 


24 


76 


44 


7653 


5 


7431 


25 


761 


45 


76531 


6 


7432 


26 


762 


46 


76532 


7 


74321 


27 


7621 


47 


765321 


8 


75 


28 


763 


48 


7654 


9 


751 


29 


7631 


49 


76541 


10 


752 


30 


7632 


50 


76542 


11 


7521 


31 


76321 


51 


765421 


12 


753 


32 


764 


52 


76543 


13 


7531 


33 


7641 


53 


765431 


14 


7532 


34 


7642 


54 


765432 


15 


75321 


35 


76421 


55 


7654321 


16 


754 


36 


7643 


56 


8 


17 


7541 


37 


76431 


57 


81 


18 


7542 


38 


76432 


58 


82 


19 


75421 


39 


764321 


59 


821 


20 


7543 


40 


765 


60 


83 



Independent Variable Switch, IVS, Code 8431 



(1) In order to check the quantities inserted in switches, these should be printed out before a compu- 
tation is begun. 

(2) Negative numbers are inserted in switches as complements on nine, or inserted positively and 
read out using the invert code. 

(3) The number in any switch may be read into any storage coimter or,imder the operational codes, 
into a fimctional counter. 

(4) To invert the read-out of any switch (except IVS), it is preferable to use the operational code 32 
instead of the code 21 in the Miscellaneous column. To invert the read-out of the IVS, it is 
necessary to use the operational code 21 in the Miscellaneous column. 

(5) Since the read-out codes of switches are non-automatic, they require a 7 in the Miscellaneous 
column imless they are under the control of a preceding automatic code. 



1. Read out sw. A into ctr. B; i.e., add sw. A into ctr. B. 



OUT 


IN 


MISC. 


A 


B 


7 



2. Add minus sw. A (except IVS) into ctr. B. 



or 



A 


B 


732 


A 


B 


721 



3. Add IVS to ctr. B. 



8431 


B 


7 
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OUT 


IN 


MISC, 


8431 


B 


721 




A 


B 


7432 



4. Add minus IVS to ctr. B. 



5. Invert the read-out of sw. A (except IVS) under control 
of ctr. 70, and read into ctr. B. See Choice Counter. 

(6) If the number of constants desired for a problem exceeds the number of switches, the constants 
may be read into storage counters not used In the problem by means of the IVS. 

(7) If the number of constants in a problem exceeds the number of switches, they may be placed in 
a value tape (see Interpolation) or if all three interpolators are in use, they may be placed m 
card feeds or in counters as suggested in note (6), 

(8) If a column of a switch is set on either of the blank positions between "0" and "9", numbers will 
not be read out of that switch column either normally or with an invert code. For example of 
use, see LogarlUim In=Out Counter, example 6, 
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STORAGE COUNTERS 



No. 


Code 


No. 


Code 




No. 


Code 


1 


1 


25 


541 


49 


651 


2 


2 


26 


542 


50 


652 


3 


21 


27 


5421 


51 


6521 


4 


3 


28 


543 


52 


653 


5 


31 


29 


5431 


53 


6531 


6 


32 


30 


5432 


54 


6532 


7 


321 


31 


54321 


55 


65321 


8 


4 


32 


6 


56 


654 


9 


41 


33 


61 


57 


6541 


10 


42 


34 


62 


58 


6542 


11 


421 


35 


621 


59 


65421 


12 


43 


36 


63 


60 


6543 


13 


431 


37 


631 


61 


65431 


14 


432 


38 


632 


62 


65432 


15 


4321 


39 


6321 


63 


654321 


16 


5 


40 


64 


64 


• 7 


17 


51 


41 


641 


65 


71 


18 


52 


42 


642 


66 


72 


19 


521 


43 


6421 


67 


721 


20 


53 


44 


643 


68 


73 


21 


531 


45 


6431 


69 


731 


22 


532 


46 


6432 


70 


732 


23 


5321 


47 


64321 


71 


7321 


24 


54 


48 


65 


72 


74 



(1) The number in any stor^e counter may be read into any other storage coimter or, under the 
operational codes, into a fimctional counter. 

(2) It is good practice to reset a storage coiinter just before using it. This frequently avoids the 
necessity of starting tapes and preserves quantities in the machine as long as possible. 

(3) Counters 64, 65, 68, 69, 70, 71 and 72 are wired for special operations. These extra uses do 
not invalidate their use as normal storage counters. The details of these extra fimctions will be 
dealt with in sections concerning these coimters. 

(4) The LIO and SIO counters may be used as normal storage counters and as special counters for 
the addition of positive quantities and the shifting of quantities to the right or left. In any case, 
they require special codes and plugging. See Logarithm In-Out Counter and Sine In-Out Counter. 

(5) Since the read-out and read-in codes of the storage counters are non-automatic, they require a 
7 in the Miscellaneous column unless they are under the control of a previous automatic oper- 
ational code. 

(6) Since the print and punch counters have complete sets of carry controls, including end around 
carries, quantities may be read into them as into any storage counter except that their read-in 
codes are automatic and must not be followed by a 7 in the Miscellaneous column. The read-in 
to the pvmch coimter must not be interposed in multiplication or division. See Printing and Card 
Punch. 



1. Add ctr. A to ctr. B. 



OUT 


IN 


MISC. 


A 


B 


7 
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2, Add minus ctr. A to ctr. B. 



r\rr rw^ 
\JKJ X 


IN 


MISC. 


A 


B 


732 



3. Invert the read-out of ctr. A under control of ctr. 70 
and read into ctr. B. See Choice Counter. 



A 


B 


7432 



4. Add absolute value of ctr. A to ctr. B. 



A 


B 


72 



5. Add minus absolute value of ctr. A to ctr. B. 



A 


B 


71 



6. Reset ctr. A. 



A A 7 



Ill 

MULTIPLICATION 

(1) Multiplication requires plu^ng to care for the decimal point. See Plugging Instructions, 

(2) Numbers may not be read into the multipljring unit from card feeds. 

(3) The multiplicand, MC, and the multiplier, MP, may be interchanged without affecting the value 
of the product. The number having the fewer non-zero digits should be used as the miiltiplier. 

(4) The read-out of a product may not be inverted. In order to read out a negative product, invert 
either the multiplicand or the multiplier. 

(5) The product may be read out to a print counter or to the punch counter. 

(6) Two lines of coding, not involving the intermediate counter, may be interposed between the read- 
in of MC and the read-in of MP. When operations are thus interposed, a 7 is required in the 
Miscellaneous column of the line containing the read-in of MC. 

If only one line is interposed between MC and MP, it must not contain an automatic code (or a 
7 in the Miscellaneous column). 

If two lines are interposed between MC and MP, the first must and the second may contain an 
automatic code (or a 7 in the Miscellaneous column). 

(7) 3 + n lines of coding, not involving the intermediate counter, may be interposed between the 
read-in of MP and the read-out of the product. Here n is equal to the number of non-zero 
digits in the odd or even columns of MP, whichever is the greater. Where operations are thus 
interposed, a 7 is required in the Miscellaneous column of the line containing the read-in of 
MP. 

If only one line is interposed between MP and the read-out of the product, it must not contain 
an automatic cdde (or a 7 in the Miscellaneous column). 

If two or more lines are interposed between MP and the read-out of the product, all but the last 
line must contain automatic codes (or 7's in the Miscellaneous column). The line preceding the 
read-out of the product must not contain an automatic code, 

(8) If a zero MP is possible, no more than three cycles may be interposed between the read-in of 
MP and the read-out of the product. 

(9) Card feeding, reading into the pimch counter or the check procedure may be interposed in multi- 
plication only when the coding is specially arranged. See Interposition of Machine Stops. 

(10) "Print and complete printing" or "pimch and complete punching" should in general not be inter- 
posed in multiplication. 



1. Multiply sw. or ctr. A by sw. or ctr. B and deliver the 
product to ctr. C. 



OUT 


IN 


MISC. 


A 


761 




B 








C 


7 
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2. Multiply minus sw. (except IVS) or ctr. A by sw. or ctr. B 
and deliver the product to ctr. C. 



OUT 



B 



IN 



761 



MISC. 



32 



3. Multiply sw. or ctr. A by minus sw. (except IVS) or ctr. B 
and deliver the product to ctr. C. 



A 


761 




B 




32 




C 


7 



4. Multiply the absolute value of ctr. A by sw. or ctr. B and 
deliver the product to ctr. C. 



A 


761 


2 


B 








C 


7 



5. Multiply sw. or ctr. A by minus IVS and deliver the 
product to ctr. C. 



A 


761 




8431 




21 




C 


7 



6. Multiply sw. or ctr. A by sw. or ctr. B, read the product 
to print ctr. I and print on typewriter I. 



A 


761 




B 








7432 






752 


7 



7. Multiply sw. or ctr. A by sw. or ctr. B and deliver the 
product to ctr. C. Interpose one addition between MC 
and MP. 



A 


761 


7 


D 


E 




B 








C 


7 
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9. 



10. 



11. 



12. 



Multiply sw. or ctr. A by sw, or ctr. B and deliver the 
product to ctr. C. Interpose one subtraction between 
MC and MP. 



Miiltiply sw. or ctr. A by sw. or ctr. B and deliver the 
product to ctr. C. Interpose two additions between MC 
and MP. 



Multiply minus sw. (except IVS) or ctr. A by sw. or ctr. 
B and deliver the product to ctr. C. Interpose an addition 
and a subtraction between MC and MP. Turn on type- 
writer I. 



Multiply the absolute value of ctr, A by sw. or ctr. B and 
deliver the product to ctr. C. Read from ctr. D to print 
ctr. I and print on typewriter I with argument control 
between MC and MP. 



Multiply the negative absolute value of ctr. A by minus 
sw. (except TVS) or ctr, B and deliver the product to ctr. 

C. Step and read from value tape on interpolator I to ctr. 

D, between MC and MP. Turn on typewriter I and turn 
off typewriter n. 



OUT 


IN 


MISC. 


A 


761 


7 


D 


E 


32 


B 








C 


7 




A 


761 


7 


D 


E 


7 


F 


G 




B 








C 


7 




A 


761 


732 


D 


E 


7 


F 


G 


32 


B 






872 


C 


7 




A 


761 


72 


D 


7432 




87 


752 




B 








C 


7 




A 


761 


71 


85 




753 


872 


D 





Continued on next page 
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12. (continued) 



13. 



Multiply sw. or ctr. A by sw. or ctr. B and deliver the 
product to ctr. C. Step the value tape on interpolator I 
twice between MC and MP. Step and read from the tape 
to ctr. D and then step twice more between MP and the 
read-out of the product. Turn off typewriter I. 



14. 



Multiply sw. or ctr. A by sw. or ctr. B and deliver the 
product to ctr. C. Interpose one addition between MP 
and read-out of product. 



15. 



Multiply sw. or ctr. A by sw. or ctr. a, reset ctr. C and 
deliver the product to ctr. C. 



16. Multiply sw. or ctr. A by sw. or ctr. B and deliver the 
product to ctr. C. Interpose two additions and two sub- 
tractions between MP and read-out of product. 



OUT 


IN 


MISC. 


B 




32 


8731 


C 


7 




A 


761 


7 






753 






53 


B 




7 


85 




753 




D 


7 


8732 




753 






53 




C 


7 




1 
A 


761 


1 


B 




7 


D 


E 






C 


7 




A 


761 




B 




7 


C 


C 






C 


7 




A 


761 




B 




7 


D 


E 


7 
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16. (continued) 



OUT 


IN 


MISC. 


F 


E 


7 


G 


H 


732 


G 


J 


32 




C 


7 



17. Miiltiply sw. or ctr. A by sw, or ctr. B and deliver the 
product to ctr. C. Interpose a step and read from a 
value tape on interpolator I between MC and MP. Inter- 
pose a step and read from a value tape on interpolator I 
and an addition and a reset between MP and read-out of 
product. 



A 


761 


7 


85 




753 




D 




B 




7 


85 




753 




E 


7 


F 


G 


7 


C 


C 






C 


7 



18. Multiply plus or minus the quantity in sw. (except IVS) 
or ctr. A under control of ctr. 70 by sw. or ctr. B and 
deliver the product to ctr. C. Interpose two additions 
between MC and MP. Interpose a print, reset of ctr. 70 
and addition of an absolute value to ctr, 70 between MP 
and read-out of product. 



A 


761 


7432 


D 


E 


7 


D 


F 




B 




7 


G 


7432 






752 


7 


732 


732 


7 


H 


732 


2 




C 


7 
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19. 



Mtiltiply sw. or ctr. A by the absolute value of ctr. B and 
deliver the product to ctr. C. Interpose read-in and read- 
out of LIO between MC and MP. Interpose reset of LIO, 
a print and addition of negative absolute value between MP 
and read- out of product. 



20. Multiply sw. or ctr. A by sw. or ctr. B and deliver the 
product to ctr. C. Interpose a print between MC and MP. 
Interpose reset of ctr. C and read-in, read-out and reset 
of SIO between MP and read-out of product. 



OUT 


IN 


MISC. 


A 


761 


7 


D 


765421 


7 


831 


E 




B 




72 






763 


E 


7432 






752 


7 


F 


G 


1 




C 


7 




A 


761 


7 


D 


7432 






752 




B 




7 


C 


C 


7 


E 


8741 


7 


8741 


F 


7 






321 


1 


^ 


7 



-. .. ..■■,,. •,-_ __i _r il H ^* ^^Ai-nr, r-arktiirter +Vio X/TD maw h*» 1l<i;F>d to read thG 

(11) 11 necessary, me oiaiiK in uuiumii ut uic xxux: w* v>v/«x«& ^^».>.^^ — -.— — j 

MP simultaneously to a storage counter, to a print counter or to initiate printing. 



21. Multiply sw. or ctr. A by sw. or ctr. B, simultaneously 
reading B to C and read the product to D. Note that this 
may not be used to reset ctr. B. Print G between read- 
ing of A and B. Interpose 4 cycles between read-in of 
MP and read-out of product. 



OUT 


IN 


MISC. 


A 


761 


7 


G 


7432 






752 
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21. (continued) 



22. Mtiltiply sw. or ctr. A by B + C, print G and deliver the 
product to ctr. D. Interpose other operations. 



23. Multiply sw. or ctr. A by sw. or ctr. B, print B and deliver 
the product to ctr. C. Reset ctr. C during multiplication. 
Interpose other operations. 



OUT 


IN 


MISC. 


B 


C 


7 


85 




753 




E 


7 


85 




753 




F 






D 


7 




A 


761 


7 


C 


B 


7 


G 


7432 




B 


752 


7 


85 




753 




E 


7 


85 




753 




F 






D 


7 




A 


761 


7 


D 


D 


7 


E 


E 




B 


7432 






752 


7 


C 


C 


7 


F 


D 


32 




C 


7 
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24. Miiltiply sw. or ctr. A by B which is read from a value 
tape. Simultaneously read B to ctr. B and deliver the 
product to ctr. C. Reset ctr. C during multiplication. 
Note line containing reset of D must be included if only 
as line (blank, blank, 7). 



25. Multiply sw. or ctr. A by B which is read from a value 



TF-ffS-BTfaTeC? 



iHH-i-nap GrsH -rocsf rx7f^}s^iz 



OUT 


IN 


MISC. 


A 


761 


7 


D 


D 


7 


85 








B 


7 


C 


C 






C 


7 




A 


761 


7 


B 


D 


7 


85 






871 




7 


G 


G 


7 


E 


D 


7 


E 


G 




872 


C 


7 



(12) If necessary, the blank Out column of the line of coding reading out the product may be used to 
select a value tape from which the value is read on the next line, or for turning typewriters on 
and off. 



26. Multiply sw. or ctr. A by sw. or ctr, B and deliver the 
product to ctr. C. Read the value from a tape on interpo- 
lator I to ctr. D. 



27. Multiply sw. or ctr. A by sw. or ctr. B and deliver the 
product to ctr. C. Read D from a tape on interpolator I 
and multiply it by sw. or ctr. E and deliver this product 
to ctr. F. Turn off both typewriters. 



OUT 


IN 


i 
MISC. 


A 


761 




B 






85 


C 


7 




D 


7 




A 


761 




B 







Continued on next page 
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27. (continued) 



OUT 


IN 


MISC. 


85 


C 


7 


8731 


761 




E 






8732 


F 


7 



(13) If necessary, the codes for punching and for stepping an interpolator may be placed in the 
Miscellaneous column of the lines of coding reading the MP and MC if these lines do not al- 
ready contain an invert or other operational code. These codes may also be added in the line 
of coding reading out the product. 



28. Multiply sw. or ctr. A by the absolute value of ctr. B. 
Add A to C and print C with half pick-i^) on typewriter I. 
Step the tape on interpolator I four times and read the 
value to D. Step the tape twice more. Reset ctr. C. 
Deliver the product to ctr. P and pimch out the quantity 
in the punch ctr. Turn on typewriter n. 



OUT 


IN 


MISC. 


A 


761 


753 


A 


C 


753 


C 


7432 


53 


B 


76543 


72 


85 


752 


753 




D 


753 


C 


C 


53 


871 


P 


75 
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DIVISION 

(1) Division does not reouire nluoroino' to care for the decinial "oint 

(2) The "Divide N minus Decimal" switch must be set to the value, 

N = 22 - K 

where K is the number of columns to the right of the decimal point. If the decimal point lies 
between columns 23 and 24, division may be performed by setting the "Divide N minus Decimal" 
switch to zero and shifting the quotient one column to the left via LIO counter or SIO counter. 
There will, however, be no more than 22 decimal places in the result. 

(3) The first number read to the dividing unit in the first line of division coding is Uie divisor, DR. 

(4) Numbers may not be read into the dividing unit from the card feeds. 

(5) The read-out of a quotient may not be inverted. In order to read out a negative quotient, invert 
either the divisor, DR, or the dividend, DD. 

(6) The quotient may be read out to a print counter or to the punch counter . 

(7) The degree of accuracy in division may be controlled by operational codes and plugging. See 
Plugging Instructions. The accuracies available vary with the plugging from one to twenty-three 
columns. For a given problem five different accuracies may be selected in this range. If only 
one accuracy is needed in a given problem, no code need be used; i.e., the Miscellaneous column 
is "blank". The operational codes of the accuracies are placed in the Miscellaneous column 
with either DRorDD read-in or on the lines interposed between them. The codes are 643,6431, 
6432, 64321 and "blank". These codes may not be used in combination with an invert or other 
operational code. The degree of accuracy of division within the logarithm and exoonential units 
is controlled by the plugging of the "blank" code. Not more than 23 digits of any quotient, in- 
cludii^ the first "no go" if any, can be read out of the PQ cotmter. 

(8) Two lines of coding, not involving the intermediate counter, may be interposed between the 
read-in of DR and the read-in of DD. When operations are thus interposed, a 7 is required in 
the Miscellaneous column of the line containing the read-in of DR. 

If only one line is interposed between DR and DD, it must not contain an automatic code (or a 7 
in the Miscellaneous column). 

If two lines of coding are interposed between DR and DD,the first must and the second may con- 
tain an automatic code (or a 7 in the Miscellaneous column). 

yw, », ..^ i,x,^^x^^>, .^ uji^N,A^v>3<; IX T- J. xiitco ui v,<jv(iiig, iiui iiivuiviug uic 111 uxLipiy-ai viae unii, oeiween 
the read-in of DD and the read-out of the quotient. Here n is equal to the number of compari- 
sons for which division is plugged. Where operations are thus interposed, a 7 is required in 
the Miscellaneous column of the line containing the read-in of DD. 

If only one line is interposed between DD and the read-out of the quotient, it must not contain an 
automatic code (or a 7 in the Miscellaneous column). 

If two or more lines are interposed between DD and the read-out of the quotient, all but the last 
line must contain automatic codes (or 7's in the Miscellaneous column). The line preceding the 
read-out of the quotient must not contain an automatic code. 

(10) Card feeding, reading to the punch counter or the check procedure maybe interposed in division 
only when the coding is specially arranged. See Interposition of Machine Stops. 
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(11) "Print and complete printing" or "punch and complete punching" should in general not be 
terposed in division. 



1. Divide sw. or ctr. A by sw. or ctr. B and deliver the 
quotient to ctr. C. 



2. Divide minus sw. (except IVS) or ctr. A by sw. or ctr. 
B and deliver the quotient to ctr. C. 



3. Divide sw. or ctr. A by minus sw. (except IVS) or ctr. 
B and deliver the quotient to ctr, C. 



4. Divide the absolute value of ctr. A by sw. or ctr. B and 
deliver the quotient to ctr. C. 



5. Divide sw. or ctr. A by minus IVS and deliver the 
quotient to ctr. C. 



6. Divide sw. or ctr. A by sw. or ctr. B with accuracy 
6431 and deliver the quotient to ctr. C. 



or 





OUT 


IN 


MISC. 




B 


76 






A 










C 


7 










B 


76 






A 




32 






C 


7 








B 


76 


32 




A 










C 


7 








B 


76 






A 




2 






C 


7 








8431 


76 


21 




A 










C 


7 






B 


76 


6431 


■ 


A 










C 


7 




B 


76 






A 




6431 






^ 


7 
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7. Divide minus sw. (except IVS) or ctr. A by sw. or ctr. B 
with accuracy 6432 and deliver the quotient to ctr. C. 



/MT'T 


IN 


MISC. 


B 


76 


6432 


A 




32 




C 


7 



8. Divide sw. or ctr. A by minus sw. (except IVS) or ctr. B 
with accuracy 64321 and deliver the quotient to ctr, C. 



B 


76 


32 


A 




64321 




C 


7 



Divide sw= or ctr= A by sw, or ctr= B and read the quotient 
to print ctr. I and print on typewriter I. 



E 


76 




A 








7432 






752 


7 



10. Divide sw. or ctr. A by sw. or ctr. B with accuracy 643 and 
deliver the quotient to ctr. C. Interpose one addition be- 
tween DR and DD. Turn on typewriter I. 



1 

B 


76 


1 

7643 


D 


E 




A 






872 


C 7 



11. Divide sw. or ctr. A by sw. or ctr. B and deliver the 
quotient to ctr. C. Interpose one subtraction between 
DR and DD. 



B 


76 


7 


D 


E 


32 


A 








C 


7 



12. Divide sw. or ctr. 
quotient to ctr. C. 
and DD. 



A by sw. or ctr. B and deliver the 
Interpose two additions between DR 



B 


76 


7 


D 


E 


7 


F 


G 





Continued on next page 
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12. (continued) 



15. 



16. 



13. Divide minus sw. (except IVS) or ctr. A by sw. or ctr. B 
with accuracy 6431 and deliver the quotient to ctr. C. In- 
terpose an addition and a subtraction between DR and DD. 



14. Divide the absolute value of ctr. A by sw. or ctr. B and 
deliver the quotient to ctr. C. Read from ctr, D to print 
ctr. I and print on tjrpewriter I between DR and DD. 



Divide the negative absolute value of ctr. A by minus sw. 
(except IVS) or ctr. B and deliver the quotient to ctr. C. 
Step and read from value tape on interpolator I to ctr. D 
between DR and DD. 



Divide sw. or ctr. A by sw. or ctr. B with accuracy 6432 
and deliver the quotient to ctr. C. Step the value tape on 
interpolator I twice between DR and DD, read from the 
tape and step twice more between DD and the read-out of 
the quotient. 



OUT 


IN 


MISC. 


A 








C 


7 




B 


76 


76431 


D 


E 


7 


F 


G 


32 


A 




32 




c 


7 




B 


76 


7 


D 


7432 






752 




A 




2 




C 


7 




B 


76 


732 


85 




753 




D 




A 




1 




C 


7 




B 


76 


76432 






753 






53 


A 




7 


85 




7 
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16. (continued) 



17. Divide sw. or ctr. A by sw. or ctr. B with accuracy 64321 
and deliver the quotient to ctr. C. Interpose one addition 
between DD and the read -out of the quotient. 



18. Divide sw. or ctr. A by sw. or ctr. B and deliver the 

quotient to ctr. C. Reset ctr. C between DD and the read- 
out of the quotient. 



19. Divide sw. or ctr. A by sw. or ctr, B and deliver the 
quotient to ctr. C. Interpose eight adding and resetting 
operations between DD and the read-out of the quotient. 



OUT 


IN 


MISC. 




D 


7 






753 






53 




C 


7 




B 


76 


64321 


A 




7 


D 


E 






C 


7 




B 


76 




A 




7 


C 


C 






C 


7 








B 


76 




A 




7 


D 


E 


7 


n 


F 


7 


D 


G 


7 


H 


H 


7 


I 

J 


I 


7 


J 


7 


D 


H 


72 


A 


H 


2 




C 


7 



DIVISION 



125 



20. Divide plus or minus the quantity in ctr. A under control 
of ctr. 70 by sw. or ctr. B, with accuracy 643, and deliver 
the quotient to ctr. C. Interpose two additions between DR 
and DD. Interpose a print of ctr. A under control of ctr. 
70, reset of ctr. 70, addition of an absolute value to ctr. 
70 and addition of ctr. G to ctr. 70 between DD and read- 
out of quotient. 



OUT 


m 


MISC. 


B 


76 


7643 


D 


E 


7 


D 


E 




A 




7432 


A 


7432 


432 




752 


7 


732 


732 


7 


F 


732 


72 


G 


732 






C 


7 



21. Divide sw. or ctr. A by the absolute value of ctr. B with 
accuracy 6431 and deliver the quotient to ctr. C. Inter- 
pose a print of ctr. A between DR and DD. Interpose a 
read-in, read-out and reset of LIO and additions into LIO 
between DD and read-out of quotient. 



B 


76 


72 


A 


7432 






752 




A 




76431 


D 


765421 


7 


831 


E 


7 






763 


F 


765421 


7 


G 


765421 






C 


7 



(12) If necessary, the blank In column of the line of coding reading the DD may be used to read the 
DD simultaneously to a storage coxmter, to a print counter or to initiate printing. 



22. Divide sw. or ctr. A by sw. or ctr. B, with accuracy 6432, 
simviltaneously reading A to C and deliver the quotient to 
ctr. D. Note that this may not be used to reset A. 



OUT 


IN 


MISC. 


B 


76 


6432 


A 


C 
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22. (continued) 



or 



23. Divide sw. or ctr. A by sw. or ctr. B and deliver the 
quotient to ctr. C. Print A with half pick-up between 
DR and DD. This operation may also be coded by omit- 
ting the first 7 and the second A. 



24. 



25. 



Divide sw. or ctr. A by sw. or ctr. B and deliver the 
quotient to ctr, C. Print A. Reset ctr. C during di- 
vision. The number of cycles interposed between the 
read-in of DD and the read-out of the quotient is de- 
pendent upon the division accuracy plugging. 



Divide A, which is read from a value tape, by sw. or 
ctr. B and deliver the quotient to ctr. C. Simultaneously 
read A to ctr. A. Reset ctr. C between DR and DD. The 
number of cycles interposed between the read-in of DD 
and the read-out of the quotient is dependent upon the 
division accuracy plugging. 



OUT 


IN 


MISC. 




D 


7 


B 


76 




A 


C 


6432 




D 


7 




B 


76 


7 


A 


7432 






76543 




A 


752 






C 


7 




B 


76 




A 


7432 






752 


7 


D 
C 


E 


7 


C 


7 


F 


E 


732 


G 


E 


7 


A 


G 






C 


7 

i 1 




B 


76 


7 


C 


C 


7 


85 








A 


7 


D 


D 


7 
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25. (continued) 



OUT 


IN 


MISC. 


E 


D 






C 


7 



26. 



Divide A, which is read from a value tape, by sw. or ctr. 
B and deUver the quotient to ctr. C. The number of cycles 
interposed between the read-in of DD and the read-out of 
the quotient is dependent upon the division accuracy plug- 
ging. 



B 


76 


7 


D 


D 


7 


85 










7 


G 


G 


7 


E 


D 


7 


E 


G 






C 


7 



27. 



Divide A, which is read from a value tape, by minus ctr. 
B with accuracy 6432 and deliver the quotient to ctr. C. 
The number of cycles interposed between the read-in of 
DD and the read-out of the quotient is dependent upon the 
division accuracy plugging. 



B 


76 


732 


D 


D 


7 


85 










76432 


G 


G 


7 


E 


D 


7 


E 


G 


7 


F 


G 






C 


' 



*"' ?»w f \7' ?' "?* Out column of the line of coding reading out the quotient may be used to 
select^a value tape from which the value is read on the next ^e or for'turningTJe^iters o° 



28. Divide sw. or ctr. A by sw. or ctr. B and deliver the 
quotient to ctr. C. Read value from tape on interpo- 
lator I to ctr. D. 



OUT 


IN 


MISC. 


B 


76 




A 







Continued on next page 
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28. (continued) 



29. Divide sw. or ctr. A by sw. or ctr. B and deliver the 
quotient to ctr. C. Read D from a tape on interpolator I 
and multiply it by sw. or ctr. E, deliver this product to 
ctr. F. Turn off typewriter I. 



OUT 


IN 


MISC. 


85 


C 


7 




D 


7 




B 


76 




A 






85 


C 


7 




761 




E 






8732 


F 


7 



(14) If necessary, the codes for punching and for stepping an interpolator may be placed in the 
Miscellaneous column of the lines of coding reading the DR and DD if these lines do not al- 
ready contain an invert or other operational code. These codes may also be added in the line 
of coding reading out the quotient. 



30. Divide minus sw. (except IVS) or ctr. B by sw. or ctr. A 
with accuracy 643, deliver the quotient to ctr. C and punch 
out the quantity in the punch ctr. Turn on typewriter I. 



OUT 


IN 


MISC. 


A 


76 


643 


B 




32 


872 


C 


75 
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(1) 



(2) 



(3) 



(4) 



(5) 



Counter 70 

The special controls on counter 70 make it possible to reverse the algebraic sign of a quantity 
if and only if some second quantity standii^ in covmter 70 is negative (including the quantity 
minus zero). 



OUT 


IN 


MISC. 


A 


B 


7432 



1. Invert the read-out of sw. (except IVS) or ctr. A to ctr. B 
if and only if the quantity standing in ctr. 70 is negative. 

Counter 70 may be used to roundoff numbers to n places of accuracy by addition or subtraction 
of 5 X lO"^'^ "*" 1/ according as the given number is positive or negative. The residting number 
may then be printed with the (n + l)st, (n + 2)nd, ... places cut off by typewriter plugging. This 
may substitute for the half pick-up discussed under Printing. 



2. Round off the number in ctr. A to n places, where 
5 X 10"'" + ^) is in sw. B and print on typewriter I. 



OUT 


IN 


MISC. 


A 


732 


7 


B 


732 


7432 


732 


7432 






752 


7 



For pimched cards not to be fed to the machine for further computation, counter 70 may be used 
to round off to n places of accuracy as in note (2). The extra places are cut off by punch plug- 
ging. If the cards are to be fed to the machine for further computation, 5 x 10~(" + 1) must be 
added in all cases. See Multiple In -Out Counter, note (6). 

Any computation involving an odd function f (x) = - f(-x), may be simplified by use of counter 
70. For example, if sin x is to be computed by interpolation, the functional tape need only be 
punched for positive arguments, the quantity x read to counter 70 and the result of interpolation 
read out of a storage counter under control of counter 70. See Interpolators. 

The choice counter may be used to compute various types of discontinuous functions and functions 
with discontinuous derivatives . Suppose it is desired to compute 



F(x) = fj(x), 


X sa, 


F(x) = f2(x), 


a<x. 


Calculate 




^1=^2^^! 





and store x - a in counter 70. 

Compute 2F(x) = gj ± gg under control of counter 70. 

Thus if X < a, X - a < -0, 

F(x) = f j(x) = (gj - g2)/2 . 
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Ifx>a, x-a>0, 

F(x) = fgCx) = (g^ -r %^,f2. 

Repetition of this process will care for functions with any desired number of discontinuities, 
or discontinuities of their derivatives. 

Suppose 

F(x)=f^(x), x<a, 

F(x)=f^(x), a<x<b, 

F(x) = fg(x), b<x. 

Calculate 

Si = fg + I'l 

S2 = ^2 - ^1 
and store x - a in counter 70. 

Compute 2Fj(x) = g^i gg under control of counter 70. 
Calculate 

rr — * . -O 

^4 = ^3 - ^1 
and store x - b in counter 70. 

Compute 2F(x) = gg± g^ under control of counter 70. 

While this is the basic coding for such functions, in many cases it is possbile to shorten the 
calculation depending upon the form of the fimctions. 
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Coxinter 72 

(1) The special controls on this coiinter insure that the absolute value of a given number is less than 
another given positive number or tolerance. If this condition is not satisfied, the machine is 
stopped. 



1. To check the absolute value of the quantity in ctr, A against 
the positive tolerance in sw. or ctr, B. 



(3) 



(4) 



(5) 



(6) 



(7) 



To insure that +0 ^A -= B, check the quantity in ctr. A 
against the positive tolerance in sw. or ctr. B. 



(2) The first line of the check coding may be separated from the other two. 



OUT 


IN 


MISC. 


B 


74 


7 


A 


74 


71 


74 


74 


64 




B 


74 


7 


A 


74 


732 


74 


74 


64 



The last two lines of the check coding may not be separated. The machine stops on the line fol- 
lowing a 64 code unless in the preceding cycle there is an end around carry in counter 72. 

The last line of the check coding includes the reset of the check counter as well as the 64 code 
for the check operation. It is possible incase of necessity to omit the reset of the check counter 
and use this space for another reset or an addition. In this eventuality the check counter must 
be reset before using it again. 

It is always desirable to print out the quantity being checked before it is routed through the check 
counter. Thus in case of failure to check, the magnitude and type of error readily may be ob- 
served. 

If possible, all essential parts of a computation should be preserved in the machine until the 
check has been made. Thus in case of machine error, the elements can be read out and manual 
computation used to aid in detecting the error. 

The consumption of machine time must enter into the choice of checking methods. If a final 
check can be devised for an entire computation when the time is half an hour or less per run, 
intervening check computations may well be omitted. If each element of out-put is independent, 
each should be checked. If a rvm continues more than half an hour, checks should be inserted at 
intermediate points. 

(8) The most commonly used methods of checking are: 

(a) Inverse Operation 

If y = f(x) is computed, then a check of x - x', where x' = f~l(y), against a preassigned 
tolerance will in general give an adequate check. If y = x^A is computed by iteration or 
logarithms, n being an integer, then x - x', where x' = y^ as computed by multiplication, 
is a check making use of distinct machine processes . 

Oj) Independent Calculation 

In some cases it is possible to derive two independent methods of computing f(x) which 
may be checked against each other. 
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(c) Interchange of uoimters 

If no brief method of check can be devisedj the computation may be repeated usii^ differ- 
ent storage or functional counters . Inche<Mng multiplication, the multiplier and multiplicand 
may be interchanged. The problem may be rerun with a different decimal point or with 
certain values multiplied or divided by powers of ten. This will shift digits into different 
columns of the storage and functional counters. 

(d) Identities 

In many cases functions satisfy certain identities or recursion formulae which maybe used 
as checks. For example, the computation of sin x and cos x may be checked by: 



. 2 2 

sm X + cos X 



1 = 0. 



It should be noted, however, that this particular identity will not detect compensating errors. 

(e) Differences 

Standard differencing techniques provide a basic method of checking. If one of the higher 



rfl"ffoT*OTi*»oc rfc-f o ■fiiTi/»f"i rkn f*r\T\fn'wrY\c ^r\ *> 



yiAait Xr<]fi 



f»0 I ITT ThO 



use of differencins' techniques defends u~on the amount of information available concerning 



the function and its differences. 



(f ) Gross Checks 

Observation of the trend of a function and roi^h differencing, together with graphing, will in 
many cases provide gross checks. 

(9) The checking of value and fxmctional tapes, cards and printed data is considered in their re- 
spective sections. See Design of Fxmctional Tapes, Card Feeds, Card Punch and Printing. 

(10) If the choice coxmter is used in conjunction with the check procedure, it is possible to deter- 
mine whether or not two given quantities having the same sign differ by not more than one 
in a given significant digit. 



If the quantities A, 10000 > A ^ 1, and E, lying in ctrs. 

A and B, are of the same sign, the following coding will 

insure that A and B differ by less than one in the fifth 

significant digit. Ctrs. C, 70 and 72 are reset and 

available for computation. 

Switch ST = 10 

SU = 90 

SV = 900 

our — n ncnnR 



sx 


= 


0.00045 


SY 


= 


0.U045 


sz 


= 


0.045 



OUT IN 


MISC. 


A 


732 


71 


ST 


732 


732 


SW 


C 


7 


SX 


C 


7432 


OTT 


rron 

1 0£i 


rron 


SY 


c 


7432 


SV 


732 


732 


SZ 


C 


7432 


A 


B 


732 


C 


74 


7 


B 


74 


71 






§4 
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(1) This counter Is eqviii^)ed with multiple in-out relays as follows: 

(a) From columns 1-24 of the buss into columns 1-24 of the coimter in normal position, code 
7321 in the In column. 

(b) From columns 1-24 of the coimter into columns 1-24 of the buss in normal position, code 
7321 in the Out column. 

(c) From columns 13-24 of the b^ss into columns 13-24 of the counter, code 853 in the In 
column. 

(d) From columns 13-24 of the counter into columns 13-24 of the buss, c<^e 853 in the Out 
column. 

(e) From columns 1-12 of the buss into columns 13-24 of the counter, code 8531 in the In 
column. 

(f) From columns 13-24 of the counter into columns 1-12 of the buss, code 8531 in the Out 
column. 

(2) Colxmins 13-24 of the MIO counter may be reset using the code 853 in the Out and In columns. 

(3) The effect of this coimter is to double the number of storage counters in the machine, each 
storage counter havii^ a capacity of 12 columns. Essentially, only the upper half is used in 
this process, since there is no special read-out of the lower 12 columns. The lower haU of 
MIO may not be used for adding negative numbers, since tiiere is no carry from column 12 
to column 1. All adding which involves any negative numbers must be done in the upper half 
of the counter, which is supplied with a special carry from column 24 to colimm 13, 

(4) If both of the numbers stored in a counter by means of the MIO counter are positive, they may 
be simultaneously multiplied by a third positive quantity. This process is frequently of use in 
dealing with statistical data. 

(5) The special controls on counter 71 do not invalidate its use in the normal manner, when the 
code 7321 is used. 



1. Sw. A and sw. B each contain two numbers, one in cols. 1-12, 
and the other in cols. 13-24, cols. 12 and 24 containing the 
algebraic sign. It is required to add together the numbers 
in corresponding colmnns of the two switches and deliver 
the two sums to ctr. C in corresponding columns. Both 
sums are to be printed in cols. 1-12 by typewriter I. 



OUT 


IN 


MISC. 


7321 


7321 


7 


A 


853 


7 


B 


853 


7 


853 


C 


7 


8531 


7432 






752 


6 


7321 


7321 


7 


A 


8531 


7 
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1. (continued) 



OUT 


IN 


MISC. 


B 


8531 


7 


8531 


C 


7 


8531 


7432 






752 


6 



(6) The MIO counter may be used to round off numbers to be punched in cards. The number is 
shifted by the LIO counter so that the columns to be punched appear in columns 13-24 of the 
MIO coimter. Two cases then arise depending on whether the cards are to be used in further 
calculations or not, 

(a) If the cards are not to be used in further calculations in the machine, but simply printed 
out or used for checking purposes, a five is added or subtracted from the 12th column ac- 
cording as the number is positive or negative under the control of counter 70. Columns 
13-24 of the MIO counter are read to the punch counter. 



2. The number in ctr. A is to be rounded off and pvinched in 
cols. 1-12 of a card. Sw. B contains a five in col. 12. 



OUT 


IN 


MISC. 


A 


732 


7 


A 


765421 


7 


831 


7321 


7 


B 


7321 


7432 


853 


753 








51 



(b) If the cards are to be fed to the machine for use in further calculations, a five is added 
in the 12th machine column. Columns 13-24 of the MIO counter are read to the punch 



couni.8r 






+A Ko t*f\irr\Aty*i f\-ff 0¥>/1 niir»/*ViQ/1 in 



cols. 1-12 of a card for further computation. Sw. B 
contains a five in col. 12. 



OUT 


IN 


1 
MISC. 


_A 


765421 


7 


831 


7321 


7 


B 


7321 


7 


853 


753 








51 



The MIO coimter may be used to produce seriil numbers for sorting punched cards. A deck 
is to be punched with values of several functions; e.g., f{x), g(x), h(x), in the order f(x__i), 
g(x^ J, h(x^ ,), f(x), g(x), h{x), f(x^^^), g(x„^,), h(x^^i)» etc. The cards are later to be 



135 



MULTIPLE IN-OUT COUNTER 



(8) 



sorted according to the magnitude of the first four digits of f(x). There are not more than eleven 
significant digits in each of the functions to be punched. The functions are sent to columns 13- 
24 of the MIO counter. The first four columns of f(x) are selected by routing through the LIO 
counter to columns 6-9 of the MIO counter. The serial numbers within the group are delivered 
from an accumulation counter to the low order columns of the MIO counter. Columns 1-24 of 
the MIO counter are then delivered to the punch counter. Thus if 

f(x) = 23.137 564 76 
g(x) = 0.249 301 24 
h(x) = 1.656 837 96, 

the three cards pxmched will read, 

023 137 564 760 002 313 000 01 
000 247 301 240 002 313 000 02 
001 656 837 960 002 313 000 03. 



4. Read g(x) from ctr. A to cols. 13-24 of MIO. Read the 
first four digits of f(x) from ctr. B via LIO to cols. 6-9 
of MIO. Read the serial number within the group from 
ctr. C and punch the cards. 



OUT 


IN 


MISC.. 


A 


853 


7 


B 


765421 


7 


831 


7321 


7 


C 


7321 


7 


7321 


753 








51 



The MIO counter may be used to drop off digits to the left; i.e., columns 1-12 of a number may 
be retained. See also Logarithm In-Out Counter, note (4), and Sine In-Out Counter, note (4). 

(a) If the number is positive, read it into the MIO counter with the columns to be dropped in 
columns 13-24. Reset columns 13-24 of MIO. 



5. Read the number in ctr. A to MIO. Reset cols. 13-24 of 
MIO. Read result to ctr. B. 



(b) If the sign of the number A is unknown, read it into the MIO counter with the columns to 
be dropped in columns 13-24. Reset columns 13-24 of MIO. Read columns 1-12 of MIO 
direct to B. Supply nines when needed with negative numbers by reading columns 13-24 
of MIO to B ^mder control of counter 70, 



6. Read the number in ctr. A to MIO. Reset cols. 13-24 of 
MIO. Read result to ctr. B. Supply nines when needed 
with negative numbers by reading cols. 13-24 of MIO to 
ctr. B under control of ctr. 70. 



OUT 


IN 


MISC. 


A 


7321 


7 


853 


853 


7 


7321 


B 


7 



OUT 


IN 


MISC. 


A 


7321 


7 


853 


853 


7 
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6. (continued) 



OUT 


IN 


MISC. 


7321 


B 


7 


A 


732 


7 


853 


B 


7432 



137 



LOGARITHM IN-OUT COUNTER 



(1) The logarithm in-out counter, LIO counter, may be used as a storage counter if necessary. It 
requires certain special codes, and plugging. See Plugging Instructions. 



1. Read from ctr. A into LIO. 



OUT 


IN 


MISC. 


A 


765421 


7 



2. Read from LIO into ctr. B. Plugged read-out. 



831 


B 


7 



3. Reset LIO. 







763 



<2) The LIO counter may not be used for addition unless all of the numbers involved are positive, 
since this counter has no end around carry. 

(3) The LIO counter maybe used to shift numbers to the right or left, since it has a pluggable read- 
out to the buss. If negative numbers are involved, they may not be shifted more than ten columns 
to the right on reading out, since only ten nines are available to be plugged in at the left. See 
Plugging Instructions. 

(4) The LIO counter may be used to drop off digits to the right or left, since it has a pluggable read- 
out. Care must be taken to supply nines in dropping digits from negative numbers. See Plug- 
ging Instructions. 

(5) If it is desired to superpose numbers, the LIO counter may be used to shift one of them. See 
Plugging Instructions. A and B are two arguments with the same decimal point. Superpose B 
on A to prepare for printing both arguments in one typing operation. If A = 27 and B = 32, the 
combination is printed as 32000027 in one typing operation. 



4. Shift the number in ctr. B and superpose it on the number in 
ctr. A. Print on typewriter I. 



OUT 


IN 


MISC. 


B 


765421 


7 


831 


A 


7 


A 


7432 


63 




752 


7 



(6) The LIO counter may be used as a "doubling" counter to build up simple multiples of a posi- 
tive quantity, especially products by powers of two. These operations may be interposed m 
other multiplications or in division. 



5. X lies in ctr. A. Read 8x to ctr. B. 



OUT 


IN 


MISC. 


A 


765421 


7 


831 


765421 


7 



Continued on next page 



138 



CODING 



5. (continued) 



KJKJ X 


IN 


MISC. 


831 


765421 


7 


831 


765421 


7 


831 


B 


7 



(7) The LIO counter reset does not involve the buss . 

(8) If more than ten nines are needed for reading out negative numbers from the LIO counter they 
may be supplied from a switch under control of the choice counter. If 13 nines are needed in 
columns 11-23, ten of them are supplied by plugging to ten columns, say 14-23, and three are 
supplied from a switch to columns 11-13. 



right. Sw. P has 000 in cols. 11-13. The other columns 
of sw. P (cols. 1-10 and 14-24) are set on the blank 
position (not zero). Nines are plugged to cols. 14-23. 
The algebraic sign, col. 24, is bottle -plugged as usual. 



OUT 


IN 


MISC. 


A 


765421 


7 


831 


B 


7 


B 


732 


7 


P 


B 


7432 
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SINE IN-OUT COUNTER 



(1) The sine in-out counter, SIO covinter, may be used as a storage counter if necessary. It re- 
quires certain special codes and plugging. See Plugging Instructions. 

(2) The SIO counter should not be used independently of the sine computation imless the "85-1 P.U." 
switch is in the off position. This switch is at the left hand end of row 21 of the Multiply-Divide 
relay panel. If the switch is thrown off, it should be entered in the log, since it is necessary 
that the relay be in operation for a sine computation. 



1. Read out of ctr. A into SIO. Direct read-in I, no carry; 
may not be used for doubling. 



2. Read out of ctr. A into SIO. Plugged read-in n, with 
carry in all columns except from col. 23 to col. 24 and 
col. 24 to col. 1. Automatic Code. 



OUT 


IN 


MISC. 


A 


874 


7 




A 


8741 





(3) If the "SIO-OUT-2 Invert Control" switch is in the on position, a nine in the 24th column will 
pick up nines from the ten left hand plughubs of row 40 of the functional plugboard and will in- 
vert the read-out of those columns of SIO which are plugged to the buss. If the "SIO-OUT-2 
Invert Control" switch is in the off position, a nine in the 24th column will pick up nines from 
the plv^board, but the read-out from the SIO will be direct. 



3. Read out of SIO into ctr. B. Plugged read-out H. 



(4) The plugged read-out I reads directly from the SIO counter, through the plug wires, into the 
buss and will not pick up nines from row 40 of the plugboard. 



OUT 


IN 


MISC. 


84 


B 


7 



4. Read out of SIO into ctr. B. Plugged read-out I, no nines. 



(5) The direct read-out in is completely independent of all plugging. 



5. Read out of SIO into ctr. B. Direct read- out HI. 



OUT 


IN 


MISC. 


874 


B 


7 




8741 


B 


7 



(6) The SIO counter reset, a Miscellaneous code, does not involve the buss and may therefore be 
added to any line of codii^ not already containing a Miscellaneous code. 



6. Reset SIO. 



OUT 


IN 


MISC. 






7321 
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(7) The SIO counter may not be used for addition unless all of the quantities involved are positive 
and plugged read-in II is used, since this coimter has no carry into the 24th column and no end 
around carry. 

(8) The SIO counter may be used to shift positive numbers to the right or left, since it has a plug- 
gable read-in from the buss and two pluggable read-outs to the buss. 



7. Shift the positive quantity standing in cols. 13, 14, 15 
and 16 of ctr. A to cols. 3, 4, 5 and 6 of ctr. B. 



or 



or 



OUT 


IN 


MISC. 


A 


874 


7 


84 


B 


7 




A 


874 


7 


874 


B 


7 




A 


8741 




8741 


B 


7 



(9) The SIO counter may be used to drop off digits to the right or left of quantities, since it has a 
plu^able read-out which supplies nines. 



8. The last five digits of the quantity standing in ctr. A 
contain the code numbers controlling the punched 
cards. It is desired to read the function to ctr. B 
and the code to ctr. C. 



OUT 


IN 


MISC. 


A 


874 


7 


874 


B 


7 


84 


C 


7 



(10) The SIO counter may be used as a "doubling" coimter to build up simple multiples of a positive 
quantity, especially products by powers of two, if plugged read-in 11 is used. These operations 
may be interposed iu otlier multiplications or in divisions. 



9. X lies in ctr. A. Read 4x to ctr. B. 



OUT 


IN 


MISC. 


A 


8741 




8741 


8741 




8741 


8741 




8741 


B 


7 
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(11) The SIO may be used with the normalizing register to shift quantities from the standard po- 
sition m the machine to read out of columns 20 and up. This must be done to facilitate the 
printing of the argument of a function in the required columns to conform with the read-out of 
the exponent computed in the normalizing register. 



10. Ctr. A contains the argument x with decimal point in 
the operating position between cols. 15 and 16. Shift 
X so that it will be printed with decimal point between 
cols. 19 and 20, and print on typewriter I. 



OUT 


IN 


MISC. 


A 


874 


7 


874 


7432 






752 


7 
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v^uUntersi ot ana os 



(1) It is possible to carry on computations covering 46 columns and the algebraic sign, 

(2) Special controls are available on the pairs of counters (65, 64) and (69, 68) which make possible 
their use as two single adding counters. Counters 65 and 69 contain the high order columns 
24-46; 64 and 68, the low order columns 1-23. All additions and subtractions of 46 column num- 
bers must be performed in one of these pair of "ganged" counters. 

(3) Such numbers are stored across two switches, for example A and B. The algebraic sign is 
stored in the 24th column of both switches. Columns l'-23 of the number are stored in columns 
1-23 of switch B and columns 24-46 of the number in columns 1-23 of switch A. 

(4) If such numbers are to be fed to the machine from cards or a value tape, two entries are re- 
quired similar to those used in storing in switches , 

(5) 46 column numbers are stored across two storage counters A and B with the algebraic sign in 
the 24th column of both counters, columns 1-23 of the number in columns 1-23 of counter B, 
and columns 24-46 of the mmiber in columns 1-23 of counter A. 

(6) The numbers are stored across any pair of storage counters by reading in each half separately 
to the two counters. These read-ins are subject to any of the usual operational codes. 



1. A quantity lies across sws. or ctrs. (A,B); read it across 
ctrs. (C,D). 



2. Invert the read-out of the qiiantity across sws. or ctrs, 
(A,B) into ctrs. (C,D). 



(A,B) into ctrs. (C,D) vmder control of ctr. 70. 



4. Read the absolute value of the quantity across ctrs. 
(A,B) into ctrs. (C,D). 



5. Read minus the absolute value of the quantity across 
ctrs. (A,B) into ctrs. (C,D). 



OUT 


IN 


MISC. 


A 


C 


7 


B 


D 


7 




A 


C 


732 


B 


D 


732 




A 






B 


D 


7432 




A 


C 


72 


B 


D 


72 




A 


C 


71 


B 


D 


71 
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(7) 



(8) 



6. A quantity lies across ctrs. (A,B); reset the ctrs. 



7. 



8. 



A quantity is stored across two cards, high order columns 
in feed I and low order columns in feed II,- read the quantity 
into ctrs. (C,D). 



A quantity is stored across two cards in feed I, high order 
column card preceding low order column card; read the 
quantity into ctrs, (C,D). 



A quantity is stored in two entries in a value tape on in- 
terpolator I, high order columns preceding low order 
columns; read the quantity into ctrs. (C,D). 



OUT 


IN 


MISC. 


A 


A 


7 


B 


B 


7 






C 


7632 




D 


76321 






C 


7632 




D 


7632 




85 




7 


85 


C 


753 




D 


753 



The special carry controls of the "ganged" counters are such that column 23 of the low order 
counter will carry to column 1 of the high order counter. Column 23 of the high order counter 
will carry to column 24 of both of the counters. Column 24 of the high order counter has an 
end around carry to column 1 of the lower order counter. The special codes operating these 
carry controls are an 8 combined with the normal read-in codes of the counters in the In 
columns , 

The special controls on counters 64, 65, 68 and 69 do not invalidate their use as normal storage 
counters. For usual operations, read-ins, read-outs and resets, the codes 7, 71. 73 and 731 of 
the respective counters apply. 



10. Add the qxiantities stored across sws. or ctrs. (A,B), 
(C,D) and (E,F), deliver the sum to ctrs. (G,H). Use 
"ganged" ctrs. (69,68) for addition. 



OUT 


IN 


MISC. 


A 


731 


7 


B 


73 


7 


C 


8731 


7 


D 


873 


7 


E 


8731 


7 


F 


873 


7 


731 


G 


7 


73 


H 


7 
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11. Subtract the quantity across sws. or ctrs. (C,D) from the 
quantity across sws. or ctrs. (A,B) and deliver the dif- 
ference to ctrs. (E,F). Use "ganged" ctrs. (65,64) for 
subtraction. 



OUT 


IN 


MISC. 


A 


71 


7 


B 


7 


7 


G 


871 


732 


D 


87 


732 


71 


E 


7 


7 


F 


7 



(9) In order to use counter 70 as a sign control counter either the high order columns or the low 
order columns of the 46 column number may be read into counter 70, since both are prefixed 
by the algebraic sign. 



12. Read the quantity stored across sws. or ctrs. (G,D) to 
ctrs. (E,F) under control of the algebraic sign of the 
number stored across ctrs. (A,B). 



OUT 


IN 


MISC. 


A 


732 


7 


C 


E 


7432 


D 


F 


7432 



(10) In using the "ganged" coimters in multiplication, the operating decimal point of the machine 
must lie between columns 46 and 47; i,e„ between columns 23 and 24 of the high order counter. 
Therefore, computations in most cases must be normalized, 

(11) The automatic check counter may be used in high accuracy computation if comparisons are 
made with known tolerances , 

(a) If the tolerance is greater than or equal to 10~23 it is necessary to check the high order 
columns only. 



13. Check the quantity across ctrs. (A,B) against a tolerance 
^ 10-23 in sw. P. 



OUT 


IN 


MISC. 


P 


74 


7 


A 


74 


71 


74 


74 


64 



(b) If the tolerance is less than 10"'*"' it is necessary tocheckthat the high order columns are 
all zero and that the low order columns are less than the tolerance. 
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14. Check the quantity stored across ctrs. (A.B) against a 
tolerance <10"23 in sw. Q. Sw. P =10"2o. 



OUT 


IN 


MISC. 


P 


74 


7 


A 


74 


71 


74 


74 


64 


Q 


74 


7 


B 


74 


71 


74 


74 


64 



(12) To read a 46 column product out of the PQ counter special plugging is required. See Plugging 
Instructions. 

(13) In general, all products involving 46 column numbers must be accumulated in one of the pairs 
of "ganged" counters using the special carry controls and the special product read-out. The 
error of this product is not more than 3 in the lowest order column. 

(14) The code 873 or 87 in the In coliman of the line of coding reading out the product reads columns 
24-46 of PQ to columns 1-23 of counter 68 or 64, and the sign column of PQ to column 24 of 
counter 68 or 64 respectively. 

(15) The code 8731 or 871 in the In column of the line of coding reading out the product, followed 
immediately by the line (86, 873, 7) or (86, 87, 7), reads the sign column of PQ to column 24 of 
both counters 68 and 69 or 64 and 65, columns 24-46 of PQ to columns 1-23 of covinter 69 or 65 
and columns 1-23 of PQ to columns 1-23 of counter 68 or 64 respectively. 

(16) The special carry controls operate throughout these processes, permitting the accvmaulation of 
the product. 

(17) Let (A, B) and (C, D) indicate two 46 column numbers stored across these pairs of counters 
(high order columns in A and C). 

(a) If all the numbers in a computation are known to be positive, the product (A, B) x (C, D) is 
built up as follows: 



Columns 1-46 of A x C to columns 1-23 of the high order and 1-23 of the low order "ganged" 
counters under the special product read- out. 

Columns 24-46 of A x D to columns 1-23 of the low order "ganged" coxmter ;mder the spe- 
cial carry controls. 

Columns 24-46 of B x C to columns 1-23 of the low order "garbed" counter under the spe- 
cial carry controls. 
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15. Mxiitipiy (A,B) by (C,D) and deliver the product to ctrs. 
(69,68). All values positive. Lines where operations may 
be interposed are left clear. 7's required if operations 
are interposed are given as (7). 



OUT 


IN 


MISC. 


A 


761 


{7} 














C 




(7) 






















8731 


7 


86 


873 


7 


A 


761 


(7) 














D 




(7) 












i 










873 


7 1 


B 


761 


(7) 














C 




(7) 






















873 


7 



(b) If some of the numbers in a computation may be negative, the product (A,B) x (C,D) is built 
up as follows: 
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Columns 1-46 of A x C to columns 1-23 of the high order and 1-23 of the low order "ganged" 
counters vmder the special product read-out. 

Columns 24-46 of A x D to columns 1-23 of the low order "ganged" counter under the special 
carry controls, according as Ax C is positive or negative and plus or minus zero to columns 
1-23 of the high order "ganged" counter under the special carry controls and vmder control 
of counter 70. 

Columns 24-46 of B x C to columns 1-23 of the low order "ganged" counter imder the special 
carry controls, according as Ax C is positive or negative and plus or minus zero to columns 
1-23 of the high order "ganged" counter under the special carry controls and under control 
of counter 70. 



Multiply (A,B) by (C,D) and deliver the product to ctrs. 
(65,64). Sw. P contains plus zero. Factors may be positive 
or negative. Lines where operations may be interposed are 
left clear. 7's required if operations are interposed are 
given as (7). In general, no quantities should be read into 
ctr. 65 before storing the algebraic sign in the choice 
counter. 



OUT 


IN 


MISC. 


A 


761 


(7) 














C 




(7) 






















871 


7 


86 


87 


7 


A 


761 


7 


732 


732 


7 


71 


732 




D 




7 


P 


871 


7432 


P 


871 


(7)432 










87 


7 


B 


761 


(7) 
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16. (continued) 



OUT 


IN MISC. 


C 




u) 




















87 


7 



E and F. 

._. « .. .„«,w. «.. icnnwn to be positive, columns 24-46 of A x D are read to columns 1-23 
.^i. -„,._ts.« T? a«/j /.oTjnter E remains reset to zero. 

A X D is positive or negative. 



(b) 



17 Multiply (A,B) by (0,D) and deliver the product to (E,F). 
"• ^^TI are oositiv4. Spaces where operations may be 

interposed are left clear. 7's required if operations are 

interposed are given as (7). 



OUT 


IN 


MISC. 


A 


761 


(7) 














D 




(7) 






















F 


' 



18 Multiply (A,B) by (0,D) and deliver the Product to (EF). 
sTp contains plus zero. Factors may be positive or 
negative. Spaces where operations may be inteposed 
are left clear. 7's required if operations are inter- 
posed are given as (7). In general no ^^^ities should 
be read into cti-. F before storing the algebraic sign m 
the choice counter. 



A 


761 


7 


732 


732 


(7) 








D 




(7) 
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18. (continued) 



OUT 


IN 


MISC. 






















F 


7 


F 


732 


7 


P 


E 


7432 



(19) When one of the two factors of a product has only 23 decimal places, only two multiplications 
need be performed and the factors are of the form (A,B) and (C,0). 

(a) If all the numbers are known to be positive: 

Columns 1-46 of A x C are read to columns 1-23 of the high order and 1-23 of the low 
order "ganged" counters. 

Columns 24-46 of B x C are read to columns 1-23 of the low order "ganged" counter. 



19. Multiply (A,B) by (C,0) and deliver the product to (69,68). 
All values are positive. Lines where operations may be 
interposed are left clear, 7's required if operations are 
interposed are given as (7). 



OUT 


IN 


MISC. 


A 


761 


(7) 














C 




(7) 




























8731 


7 


86 


873 


7 


B 


761 


(7) 
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19. (continued) 



OUT 


IN 


MI3C . 


C 




(7) 




























873 


7 



(b) If some numbers may be negative: 



nryA 1 -01 r\1 tho 1 r>117 



uxuci. gcuigct 



Columns 24-46 of B x C are read to columns 1-23 of the low order "ganged" covmter and 
plus or minxis zero to the high order "ganged" counter imder control of covmter 70 ac- 
cording as A X C is positive or negative. 



20. Multiply (A,B) by (C,0) and deliver the product to (69,68). 
om p contains "lus zero. Factors mav be nositive or 
negative. Lines where operations may be interposed are 
left clear. 7's required if operations are interposed are 
given as (7). In general, no quantities should be read into 
ctr. 69 before storing the algebraic sign in the choice 
counter. 



OUT 


IN 


MISC. 


A 


761 


7 


732 


732 


(7) 








C 




(7) 




























8731 


7 


86 


873 


7 


B 


761 


7 


731 


732 


7 


P 


8731 


432 


C 




(7) 
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20. (continued) 



OUT 


IN 


MISC. 




























873 


7 



(20) Division in high accuracy computation may be performed by dividii^ by the high order columns 
of the divisor to obtain a first approximation to the reciprocal, iterating once for the reciprocal 
and multiplying. Since the operating decimal point lies between columns 23 and 24, division 
should be plugged for 24 comparisons and the "Divide N minus Decimal" switch must be set at 
zero. If the absolute value of the divisor is such that 1 >|DR| >10"'^, in place of 1, 10"" must 
be used as the dividend in obtaining the reciprocal. Thus after division the Q-shift counter 
stands at zero and the first approximation to the reciprocal is delivered as Q x 10" " . This 
quotient is then routed through either the LIO or the SIO counter and shifted to the left. 

21. Divide (A,B) by (C,D), where either or both of the quantities may be negative, l>|c| >0.1, 
and deliver the quotient to (65, 64). The LIO-OUT is plugged to shift one column to the left. 
The SIO-OUTII is plugged to shift positive quantities one column to the left. The SIO-OUTI 
is plugged to read the 23rd column of SIO to the first column of the buss. 

Sw. P = 1 in the 23rd column. 
Sw. Q = 5 in the 2nd column. 
Sw. R = minus zero. 
Sw. S = 2 in the 23rd column. 
Sw. T = 1 in the 1st column. 

Counters G, H, 64, 65, 68, 69, 70, LIO and SIO are available for computation but are not 
reset. 

The equations used in the computation are 
^0= V|c| 

N = |(C,D)| 

Xj = Xq(2 - NXq) . 



After the iteration, five is added in column 3 to obtain the best result. Errors at various 
stages are as follows: 



X /lO = 1/lON t 10"22 



-45 



-46 



x^/10 = 1/10N+ 51 X 10 
Final result = (A,B)/10(C,D) + 512 x 10' 
An additional iteration will gain very little accuracy, the errors then being as follows: 
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/1 n _ 1/1 niu ^ «> •»■ 1 n~45 



Final result - (A,B)/10(C,D) t 32 x 10 



-46 



The quotient as delivered to (65,64)is (A,B)/10(C,D). (7)'s must be omitted if no operations 
are interposed. 



|C| to DR 

reset ctr, G, reset SIO 

reset ctr. H, reset LIO 

i in 23rd col. to DD 

reset ctr. 64 

reset ctr. 65 

reset ctr. 68 

reset ctr. 69 

reset ctr. 70 

18 cycles free for interposed operations 

l/(100!c|)toctr. H 

i/(iooici) to SIO 

1/(10 |C|) to ctr. G = X /lO 
-|C| toMC 
reset ctr. H 



V /in f<-> iijn 
"0' *" "" "*" 



-|c|x^lO to (69,68) 



OUT 


IN 


MISC. 


C 


76 


72 


G 


G 


7321 


H 


H 


63 


P 




7 


7 


7 


7 


71 


71 


7 


73 


73 


7 


731 


731 


7 


732 


732 


(7) 










H 


7 


H 


874 


7 


84 


G 


7 


C 


761 


71 


H 


H 


(7) 








VI 
































8731 


7 


86 


873 


7 


Contini 


led on ne: 


5t page 



fflGH ACCURACY COMPUTATION 



153 



21. (continued) 
-JD| to MC 
-0 to (69,68) 

Xq/10 to MP 

2 in 23rd col. to (69,68) 



-|d|Xq/10 to (69,68); (69,68) - (2 - Nx )/10 
HO (2 - NXq)/10 to MC 



X-/10 to MP 



Xq(2 - NXq)/100 to (65,64) 



LO (2 - Nx )/10 to MC 


C to ctr. 70 

5 in 2nd col. to ctr. 64 

X /lO to MP 

reset ctr. 68 

reset ctr. 69 

reset ctr. G 



OUT 


IN 


MISC. 


D 


761 


71 


R 


8731 


(V) 








G 




7 


S 


8731 


(7) 






















873 


7 


731 


761 


(7) 














G 




(7) 




























871 


7 


86 


87 


7 


73 


761 


7 


C 


732 


7 


Q 


87 




G 




7 


73 


73 


7 


731 


731 


7 


G 


G 


7 
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zi. (conunuea; 
reset SIO 

Xq(2 - Nxq)/100 to (65,64) 
HO Xq(2 - NXq)/100 to LIO 
HO Xq(2 - Nxq)/10 to ctr. G 
LO Xq(2 - NXq)/100 to SIO 
1st col. SIO to ctr. G; reset LIO; G - HO x /lO 
LO x„(2 - NXrt)/10 to ctr. H; H = LO x,/10 
A to MC under control of ctr. 70 
reset ctr= 64 
reset ctr. 65 
HO x^/10 to MP 



(A,B)x,/10to (65,64) 



A to MC under control of ctr. 70 



LO X /lO to MP 



(A,B)x^/lO to (65,64) 

B to MC under control of ctr. 70 

reset ctr. 70 



OUT 


IN 


MISC. 






321 




87 


7 


71 


765421 


7 


831 


G 


7 


7 


874 


7 


874 


G 


763 


84 


H 


7 


A 


761 


7432 


7 


7 


7 


71 


71 




G 




(7) 






















871 


7 


86 


87 


7 


A 


761 


(7)432 














H 




(7) 






















87 


7 


B 


761 


7432 


732 


732 


7 
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21. (continued) 

-HO (A,B)x /lO to ctr. 70 

HO X /lO to MP 

±0 to (65,64) under control of ctr. 70 

±0 to (65,64) under control of ctr. 70 

1 in 1st col. to ctr. 64 

(A,B)x /lO to (65,64) 



OUT 


IN 


MISC. 


71 


732 


32 


G 




7 


R 


871 


7432 


R 


871 


7432 


T 


87 






87 


7 



(21) If 46 column numbers are to be punched in cards, they must be punched in two cards, one con- 
taining the high order columns and the algebraic sign, and the second, the low order columns 
and the algebraic sign. 



22. Punch out the number (A,B). 



OUT 


IN 


MISC. 


A 


753 








51 


B 


753 








75 



(22) To print 46 column numbers, the high order columns may be printed on one typewriter and the 
low order columns on the other. If the low order columns are printed with several spaces after 
the decimal point, the algebraic sign and the decimal point may be cut off and the strips joined 
side by side. 



23. Print the number (A,B). 



OUT 


IN 


MISC. 


A 


7432 






752 


6 


B 


74321 






7521 


7 



(23) If numbers have been normalized for high accuracy computation, they may usually be printed 
with their decimal points in true position by suitable tsrpewriter plugging. See Plugging In- 
structions . 

(24) The following is an example of the buildii^ up of a series in high accuracy computation. 

24. Determine Ax2 + Bx + C, where no information is given of any algebraic sign, store the 
result in (E, F), and print it on typewriter I. A, B and C are 46 column numbers stored in 
switches (Aj, Ag), (B^, Bg) and (Cp Cg). Sw. P = plus zero, x is stored in ctrs. (xj, Xg). 

Counters E, F, 64, 65, 68, 69 and 70 are available for computation. (7)'s must be omitted 
if no operations are interposed. 
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24 . (continued) 
Aj to MC 
reset ctr. 69 
reset ctr. 68 
X to MP 
reset ctr, 70 
reset ctr. 65 
reset ctr. 64 



HO Ax to ctr. 69 

"l"l 

A^ to MC 



AjXj^ to ctr. 70 

+0 to (69,68) under control of ctr. 70 

Xg to MP 

±0 to (69,68) under control of ctr. 70 

B, to ctr. 69 



Bg to ctr. 68 



A^xg to (69,68) 
Ag to MC 



X. to MP 

1 



AgXj to (69,68) 



Xj^ to MC 



OUT 


IN 


^uSC. 


Al 


761 


7 


731 


731 


7 


73 


73 




^1 




7 


732 


732 


7 


71 


71 


7 


7 


7 






8731 


7 


86 


873 


7 


^1 


761 


7 


731 


732 


7 


P 


8731 


432 


^2 




7 


P 


8731 


7432 


B. 

i 


8731 


7 


^2 


873 






873 


7 


^2 


761 


(7) 














x< 




(7) 






















873 


7 


Xj 


761 


7 
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24. (continued) 
reset ctr. 70 

HO (Ax + B) to MP 



HO (Ax + B)Xj to ctr. 65 
LO (Ax + B)Xj to ctr. 64 
X. to MC 
HO (Ax + B)Xj to ctr. 70 



LO (Ax + B) to MP 

+ to (65,64) under control of ctr. 70 

±0 to (65,64) under control of ctr. 70 

(Ax + B)x< to (65,64); turn on typewriter I 

Xg to MC 

reset ctr, E 

reset ctr. F 

HO (Ax + B) to MP 



C^ to ctr. 65 
C to ctr. 64 



(Ax + B)x to (65,64) 
ctr. 65 to ctr. E 
ctr. 64 to ctr. F 



OUT 


IN 


MISC. 


732 


732 


(7) 








731 




(7) 






















871 


7 


86 


87 


7 


^1 


761 


7 


71 


732 


(V) 








73 




7 


P 


871 


7432 


P 


871 


(7)432 








872 


87 


7 


^2 


761 


7 


E 


E 


7 


F 


F 




731 




7 


^1 


871 


7 


^2 


87 


(7) 










87 


7 


71 


E 


7 


7 


F 


7 



Continued on next page 



158 



CODING 



O.A /r»niTHnnpH^ 



print value in ctr. 65 on typewriter I 



print value in ctr. 64 on typewriter I 



OUT 


IN 


MISC. 


71 


7432 






752 


6 


7 


7432 






752 


6 
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NORMALIZING REGISTER 



(1) Any positive quantity may be shifted so that its first significant digit stands in the 23rd machine 
colvimn. This is done within the machine by multiplsring the given quantity by a one in such a 
position that the first significant digit will fall in the 23rd column of the PQ counter. The prod- 
uct is then read out of the first 23 columns of the PQ counter by means of the low order product 
read-out (86 in the CXit column). The number of columns shifted is recorded in a counter and a 
predetermined number of significant digits and a power of ten are read out. For example, if 

0000 35296 73145 89740 28715 
0000 00000 00000 27557 68214 

stand in the machine, operating with decimal point between columns 15 and 16, they may be read 
out as 

3529 1 ; i.e., 3529 x 10 
2755 -9 ; i.e., 2755 x 10-9. 

Thus the second quantity printed indicates the power of ten by which the first quantity is to be 
multiplied. 

(2) The number of significant digits printed and the position of the decimal point, if printed, are 
determined by the t3rpewriter plugging. 

(3) The power of ten recorded is determined by the position of the final decimal point and the oper- 
ating decimal point of the machine . 

A constant K is placed in a switch in columns 20 and 21. Here K = 23 - n - d, where d is 
equal to the number of digits to the left of the final decimal point and the operating decimal 
point of the machine lies between columns n and n + 1 . 

The power of ten recorded lies in columns 20 and 21 and must be read out or printed out of 
those columns. 

(4) Negative quantities mvist be routed through this procedure as positive absolute values. The al- 
gebraic sign is stored in covmter 70 and the final read-out of the quantity must be under control 
of counter 70. 

(5) The code 8321 in the In column shifts the quantity under consideration into the first 23 columns 
of PQ. The code 8321 in the Out column reads the amoimt of the shift to the counter indicated. 
These codes are not independent and must be used in conjunction with the multiplication coding 
as shown below. 

(6) The special coding requires nine cycles of computation time. Counter A contains the qviantity 
to be treated. Counters B, C, D and E are reset and available for computation. Switch SC con- 
tains the constant K. At the end of the process, counter B contains the power of ten, counter D 
contains the quantity under consideration with its first significant digit in the 23rd column and 
counter E contains the "one " multiplier selected by the shift circuit. Note that the line of coding 
reading the normal product-out may not be used for any other operation. 



1. The operating decimal point lies between cols, 15 and 16. 
The final decimal point is to lie between cols. 19 and 20. 
Thus K = 4 is placed in col, 20 of sw.SC, The quantity In 
ctr.A is shifted and printed together with its power of ten. 



OUT 


IN 


MISC. 


A 


761 


7 


SC 


B 


7 
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1. (continued) 



This line of coding may contain any of the codes normally 
interposed in multiplication. (A second such line may also 
be interposed if it is known that the quantity to be shifted 
does not equal zero.) 



OUT 


IN 


MISC. 


A 


8321 






E 


7 


8321 


C 


7 






7 


C 


B 


32 






7 


86 


D 


7 


D 


7432 






752 


6 


B 


7432 






752 


7 



(7) It is advisable to check the multiplication involved in this process by interchanging niultipUer 
and multiplicand. Thus the "one" multiplier, read into storage counter E, is used as the multi- 
^fca^fin the second multiplication. The product is again read out under the special low order 
read-out. 



2. The operating decimal point lies between cols. 15 and 
16. The final decimal point is to lie between cols. 19 
and 20. The tolerance of one in the first column lies 
in sw. SB. 



UUl 


liH 


xvixov^ . 


A 


761 


7 


SC 


B 


7 


A 


8321 






E 


7 


8321 


C 


7 






7 


C 


B 


32 






7 


86 


D 


7 


E 


761 


7 


74 


74 


7 


SB 


74 
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2. (continued) 



OUT 


IN 


MISC. 


A 




7 


D 


F 


(7)32 
























7 


86 


F 


7 


F 


74 


71 






64 
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LOGARITHM UNIT 



(1) The loearithmic function delivered bv the machine is loe:- «x. Logarithms to other bases may 
be obtained bv multiolvine bv a suitable constant. 



log^N = 



logiga 



= logj^N . log^lO 



In particular 



loggN = logjQN . logglO 



where 

logglO = 2.302 585 092 994 045 684 017 991. 

(2) If the operating decimal point lies between columns 21 and 22, the error in this function is less 
than 5 x 10-21, If the decimal point lies between columns n and n + 1, n< 21, the error is 
less than 10~" + 5 x 10"^^, If desired, for log x > 0, a coded half pick-up may be added and the 
error reduced to 1/2(10"^ + 10-20) as shown in example 4 below, 

(3) The range of arguments covered is 10-22 to 1023 _ i. 

(4) Logarithms with negative characteristics may not be computed directly if there are ten or 
fewer operating decimal places. For exception, see note (10), 

(5) The two dial switches labeled "Log N value" to the right of the sequence mechanism must be 
set at 22 - n, where the operating decimal point is between colimms n and n + 1 . 

(6) The logarithm unit requires plugging of the LIO counter to care for the decimal point. See 

Oliirrmnrr Tr»c'l-i*ii/»'Hr»r»o 

(7) The LIO counter may be used as a storage covmter, for the addition of positive quantities, and 
to shift numbers, since it has a pluggable read-out. See Logarithm In-Out Counter and Plug- 
ging Instructions, 

(8) Before using the logarithm unit it should be tested on known values: 

e = 2.718 281 828 459 045 235 360 287, 
log,„e = 0.434 294 481 903 251 827 651 129 . 

JLV 



(9) Any operation not usii^ the buss may be carried on during the logarithm computation time. 
This requires a 7 in the Miscellaneous column of the first line of logarithm coding and no 
automatic (no 7 in the Miscellaneous column) in the last line of interposed coding. This coding 
is shown in example 5, 



1. X lies in sw. or ctr. A. Determine log^^x and deliver it 
to ctr. B. 



OUT 


IN - 


MISC. 


A 


762 




831 


B 


f7 

• 






763 
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2, X lies in sw. or ctr. A. Determine log.^lxl and deliver 
it to ctr. B. ^" 



3. X lies in sw. or ctr. A. Determine log x and deliver it 



to ctr. B. LogglO lies in sw. P. 



Log X =»0. X lies in sw. or ctr. A. Determine log.^x and 
deliver it to ctr. B. If the operating decimal point lies 
between columns n and n + 1 , sw. P must contain a 5 in 
the (21 - n)th column. 



5. 



Print the quantities in ctrs. C and D. Punch the quantity 
in ctr. E. Step the value tape on interpolator I ahead 
twice. X lies in sw. or ctr. A. Determine log. „x and 
deliver it to ctr. B. 



(repeat this line 23 times) 



OUT 


IN 


MISC. 


A 


762 


2 


831 


B 


7 






763 




A 


762 




831 


B 


7 






763 


B 


761 




P 




7 


B 


B 






B 


7 




A 


762 




P 


765421 


7 


831 


B 


7 






763 




C 


7432 




D 


74321 




E 


753 




A 


762 


75 




752 


753 






753 






7 




7521 




831 


B 


7 






763 
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(10) If negative logarithms are computed when there are ten or fewer operatii^ decimal places, 
more nines will be required for the read-out of the complementary figure than the ten that 
are available by pli^ging. The additional nines required may be supplied from a switch under 
control of the choice counter. If the operating decimal point is between columns 8 and 9, 13 
nines are needed in columns 11-23. Ten of them are supplied by plugging to ten columns, say 
14-23, and three are supplied from a switch to columns 11-13, 



6, The operating decimal point lies between cols. 8 and 9. 
X lies in sw, or ctr. A. Sw. P has 000 in cols. 11-13. 
The other columns of sw. P (cols. 1-10 and 14-24) are 
set on the blank position (not zero). Nines are plugged 
to cols. 14-23. The algebriac sign, col. 24, is bottle- 
pli:^ged as usual. Determine log x and deliver it to 
ctr.B. ^^ 



OUT 


IN 


MISC. 


A 


762 




831 


B 


7 


B 


732 


763 


P 


B 


7432 
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EXPONENTIAL UNIT 



(1) The exponential function delivered by the machine is 10^. Exponential functions of other bases 
may be obtained by multiplication. 



a"" . lo"" ^"^^lO^ 
In particular 

e^ = lo'' ^°SlO^ 
where 

logj^e - 0.434 294 481 903 251 827 651 129. 



(2) 

(3) 
(4) 

(5) 
(6) 

(7) 

(8) 
(9) 



If the operating decimal point lies between columns 21 and 22, the error in this function is less 
than 5 X 10 ^S If tiie decimal point lies between columns n and n + 1, n < 21, the error is 
less than 10-n + 5 x 10-21. a half pick-up maybe added and the error reduced, as shown in ex- 
ample 5 below, to 1/2(10"" + 10"2u). 

The range of argumeitts covered is - 20 to 23 - lO"" where the operating decimal point lies 
between columns n and n + 1 . 

Any operation not using the buss may be carried on during the exponential computation time 
This requires a 7 in the Miscellaneous column of the first line of exponential coding and no' 
automatic (no 7 in the Miscellaneous column) in the last line of interposed coding. This is shown 
in example 6, 

The exponential unit requires plugging of the EIO counter to care for the decimal point See 
Plugging Instructions. 

H an ej^nential is preceded by a multiplication or a division, at least one line of coding (blank, 
blank, 7) or some other operation not involving a functional unit must be inserted between the 
operations , 

If an exponential is preceded by an interpolation, at least one line of coding (blank, blank 7) or 
some other operation not involving a functional unit must be inserted between the operations 
This with the last line of interpolation coding makes two such lines intervening. 

The hyperbolic functions may be obtained from the exponential functions by algebraic oper- 
ations. J O f 

Before using the exponential unit in a computation, it should be tested on known values. 
10^°Sioe 



l°SlO 



« e 
e = 0.434 294 481 903 251 827 651 129 
e = 2,718 281 828 459 045 235 360 287 



1. X lies in sw. or ctr, A. Compute 10^ and deliver 
it to ctr. B. 



OUT 


IN 


MISC. 


A 


7621 






741 




832 


B 








731 
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2. X lies in sw. (except IVS) or ctr. A, Compute 10' 
and deliver it to ctr. B. 



3. X lies in IVS. Compute 10"^ and deliver it to ctr. B. 



5. 



6. 



4. X lies in sw. or ctr. A. Ctr. C is available for compu- 
tation. Logi^e lies in sw. P. Compute e^ and deliver 
it to ctr. B. 



X lies in sw. or ctr. A. Sw. P contains a 5 in the 
(21 - n)th columji. where the operating decimal point 
iies between columns n and n + 1 . Compute 10^ 
and deliver it to ctr. B. 



Print the quantities in ctrs. C and D. Punch the quantity 
in ctr. E. Step the tape on interpolator II back three 
times. X lies in ctr. A. Compute 10^ and deliver it to 
ctr.B. 



OUT 


IN 


MISC. 


A 


7621 


32 




741 




832 


B 








731 




8431 


7621 


21 




741 




832 


B 








731 




A 


761 




P 








C 


7 






n 

1 


C 


7621 






741 




832 


B 








731 




A 


7621 






741 




P 


741 




832 


B 








731 




C 


7432 
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6. (continued) 



(repeat this line 22 times) 



7. 



X lies in sw. or ctr. A. Ctr. C is available for compu- 
tation. Sw. P = 1 . Sw. Q = 1/2 . Sw. R = log. e. 
Compute sinh x and deliver it to ctr. B. If x Is known 
to be positive, bracketed codes and lines may be omitted. 



OUT 


IN 


MISC. 


D 


74321 




E 


753 




A 


7621 


75 




752 


7541 






7541 






7 




7521 


541 




741 




832 


B 








731 




A 


761 


(2) 


R 








C 


7 






7 


C 


7621 






741 




832 


B 








731 


B 


76 


32 


P 








B 


7 


B 


761 


(7) 


(732) 


(732) 


(7) 


(A) 


(732) 


(7) 


Q 




7(432) 


B 


B 






B 


7 



168 



CODING 



8. X lies in sw. or ctr, A. Ctr. C is available for compu- 
tation. Sw. P = 1. Sw. Q = 1/2. Sw. R = log^rtC. Com- 



pute cosh X and deliver it to ctr. B. 



9. X lies in sw. or ctr. A. Sw. P = 1 . Sw. Q = logj^Qe . 
Ctrs. C and D are available for computation. Compute 
tanh X and deliver it to ctr. B. If x is known to be posi- 
tive, bracketed codes and lines may be omitted. 



OUT 


IN 


MISC. 


A 


761 




R 








C 


7 






7 


C 


7621 


2 




741 




832 


B 








731 


B 


76 




P 








B 


7 


B 


761 




Q 




7 


B 


B 






B 


7 

L 




A 


C 


7(2) 


A 


C 


7(2) 


C 


761 


(7) 


(732) 


(732) 


(7) 


(A) 


(732) 


(7) 


Q 








D 


7 






7 


D 


7621 






741 




832 


B 
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9. (continued) 



OUT 


IN 


MISC. 






731 


P 


B 


7 


B 


76 


7(432) 


P 


B 


732 


P 


B 


32 


B 




7 


B 


B 






B 


7 
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SQUARE ROOTS AND OTHER ITERATIVE PROCESSES 



'1^ Roots and reci"rocals of roots ma^ be found by using logarithms and exponentials. However, 
if a "ood first approximation is ayailable^ the method of iteration is not only faster, but is also 
self -corrective. 

(2) Square roots may be found using logarithms and exponentials by 
jjl/2 ^^Q(logioN)/2 



1. N lies in ctr. A. N^/^ is to be delivered to ctr. B. Ctrs. 
C and D are available for computation. Sw. P = 1/2. 



OUT 


IN 


MISC. 


A 


762 




831 


C 


7 






763 


C 


761 




P 








D 


7 






7 


D 


7621 






741 




832 


B 








731 



(3) The Newton-Raphson method of determining the roots of an equation f(x) = requires that 
f'(x) f^ and f "(x) ^ between the first approximation, x., to the root of f(x) and x, the root 
sought, and that f(x-) • f "(x„) =• 0. Then 



(A) x„ 



1 = X 

I n 



'0' ' 



f'CV 



n = 0,1,2, ... 



gives successive approximations to x. If successive iterations involving division are performed, 

vestigation be applied in some cases when the function does not satisfy all of the above con- 
ditions . 

In some cases the computation may be simplified by using 
(B) X ^ =x ,n = 0, i,2, ... 

"+1 " f'(XQ) 

for the successive iterations, thoi^h this does not converge as rapidly as (A). 
(4) If the method of iteration is used to obtain the positive square root of N, then 



X * = ifx. + N he \ /2 
-"n + J. ^"11 ■ -'--a.' I - 
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In performing the successive iterations, the accuracy of division should be successively in- 
creased. The error, ^j^ ^ p of x^ ^ ^ is given by: 



®n + 1 = '^n + 1 



n1/2 



= e 2 /2(e^ + N^/2) and 



'n+ 1 



■eV2N 
n 



.1/2 



0. 



(5) 



(6) 



Since most machine computation is repeated for values of N which change by small amoimts, 
the root or reciprocal calculated for the preceding value of N will in general be available for 
use as a first approximation when startii^ the next iterative process. 



2. N lies in ctr. A. The approximation to N '''^ lies in ctr. B. 
Read the next approximation to ctr. B. Sw. P = 1/2. 



OUT 


IN 


MISC. 


B 


76 




A 








B 


7 


B 


761 




P 




7 


B 


B 






B 


7 



If two successive iterations are to be made in finding N^/^, machine time may be saved by 
using the following coding which involves two divisions, one multiplication and four additions 
instead of two divisions and two multiplications. Usually it will be possible to interpose the 
four addii^ cycles, thus reducing the time for two iterations to 81 cycles. 

3. N lies in ctr. A. The approximation Xq to N^/^ lies in ctr. B. Read the approximation 
X2 to ctr. B. Sw. P = 1/4. (7)'s are to be omitted if no operations are interposed. Ctr.C 
is available for computation. 



Xq to MC 
reset ctr. C 
Xq to ctr. C 
1/4 to MP 



X to ctr. C 
Xq to ctr. C 



OUT 


IN 


MISC. 


B 


761 


7 


C 


C 


7 


B 


C 




P 




7 


B 


C 


7 


B 


C 


7 
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». ^_— .... , 

Xq to ctr. C; C = 4x 

reset ctr. B 

X-/4 to ctr. B 

4x to DR; place limitation 

reset ctr. C 



Nto DD 



n + 1 cycles free for interposed operations where n is 
the number of significant digits (including the first "no 
go") for which the Misc. 6432 code is plugged. 

N/4Xq to ctr. B; B = x^/A + N/4x^ = x^/2 



X /2 to ctr. C 
x^/2 to ctr. C 
X./2 to ctr. C 
X /2 to ctr. C; C = 2x 
2xj to DR 



NtoDD 



n + 1 cycles free for interposed operations where n is 
the number of significant digits (including the first "no 
go") in the quotient, 

N/2x^ to ctr. B; B = x^/2 + N/2Xj = x^ 



OUT 


IN 


MISC. 


B 


C 


7 


B 


B 






B 


7 


C 


76 


76432 


C 


C 


(7) 








A 




(7) 
















B 


7 


B 


C 


7 


B 


C 


7 


B 


C 


7 


B 


C 


7 


C 


76 


(7) 














A 




(7) 
















B 


7 



(7) If other computations are being carried on in which operations may be interposed, the time 
for three successive iterations may be reduced from three divisions and three multiplications 
to three divisions, one multiplication and 13 adding cycles, which may be interposed. 

(8) To find the cube root of N by iteration 

.2 



'^n . 1 - 2^3 * ""^K 



and 



e ^< 6^/(6 +N^/^). 
n+ 1*= n'^ n 
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4. N lies in ctr. A. The approximation to N ^ lies in 
ctr. B. Read the next approximation to ctr. B» Ctr. C 
is available for computation and sw. P = 1/3. (7)'s 
must be omitted if no operations are interposed. 



n cycles free for interposed operations where n is the 
number of significant digits (including the first "no go") 
in the quotient. 



(9) The cube root of N may also be fovind by iteration by 
3 



'Si+l 



^n -^ 2N 



2x^ + N 



OUT 


IN 


MISC. 


B 


761 


7 


C 


C 


(7) 








B 




(7) 






















C 


7 


C 


76 


7 


C 


C 


7 


B 


C 




A 




7 


B 


C 


(7) 
















C 


7 


C 


761 


7 


C 


C 


7 


B 


B 




P 




(7) 




























B 


7 



hi 
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This involves tnree muitipiicauons ana a aivision uui m mosi eases convcigco iiiuvi* xiiw*w 
rapidly than the method given in note (8), so that fewer iterations need be used for the «esire>- 
accuracy. K two successive approximations x^ and x^ + i agree in the first i significant digits, 
then Xjj ^ 1 will be correct to 3i - 2 digits. The error e^ ^ ^ is given by; 

®n + 1 ~ I /q 3 

2(en + N^/ ) + N 

5. N lies in ctr. A. The approximation to N / lies in 
ctr. B. Read the next approximation to ctr. B. Ctrs. 
C and D are available for computation. (7)'s must be 
omitted if no operations are interposed. 



Ctr.C =x 







Ctr.D =2x^'' + N 



Ctr.C =x '' + 2N 




OUT 


IN 


MISC. 


B 


761 


7 


C 


C 


7 


D 


D 




B 




(7) 






















C 


7 


C 


761 


7 


C 


C 


7 


A 


B 




B 




(7) 






















C 


7 


C 


D 


7 


C 


D 


7 


D 


76 


7 


A 


C 


7 


A 


C 




C 




7 


C 


C 


7 
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5. (continued) 



n - 1 cycles free for interposed operations where n is the num- 
ber of significant digits (including the first "no go") in the 
quotient. 



Ctr.C =(Xq^ +2N)/(2xq^ + N) 



Ctr. B = x^{x^ + 2N) / {2x^+ N) =Xj 



(10) The reciprocal of N may be found by iteration using 

X , = X (2 - Nx ) , 
n + 1 n^ n' ' 



e . = -Ne 
n + 1 n 



OUT 


IN 


MISC. 


D 


D 


(7) 
















C 


7 


C 


761 


(7) 














B 




7 


B 


B 


7 


C 


C 


(7) 
















B 


7 



In high accuracy computation, it is necessary to use this process for division. 



6. N lies in ctr. A. The approximation to 1/N lies in ctr. B. 
Ctr. C is available for computation. Sw. P =2. (7)'s 
must be omitted if no operations are interposed. The new 
approximation to the reciprocal of N is to be delivered 
to ctr.B. 



OUT 


IN 


MISC . 


A 


761 


732 


C 


C 


7 


P 


C 




B 




(7) 
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u. ^uuiiLiiiueu; 



OUT 


IN 


MISC . 




C 


7 


B 


761 


(7) 














C 




7 








C 


C 


7 


B 


B 






B 


7 



(11) In many applications of the process of iteration the choice of the function f(x) can be so made 
as to conseirve much machine time. This is evident in iterating for 1/n1/P. f(x) may be written 
either as 

(1) f(x) = I A^ - N 

or (2) f(x) = 1 - NxP . 

(1) leads to 



^1^> '^n + l='^ 



r 



»[■ 



•M n 1 



which requires p + 2 multiplications, unless N/p is available, in which case only p + 1 multi- 
plications are required. 



(2) leads to 
(2a) X 



1 + (p - 1)NxJ 



n + 1 



pNx„ 



(p-1) 



which requires p + 1 multiplications and a division. Obviously, the former requires less ma- 
chine time than the latter and shoxild be used for all roots of reciprocals. If (la) is used to 
obtain l/N^/^, the error after each iteration is 



3e„'N' 



7. N lies in ctr. A. The approximation to N" 



■1/2 



lies in ctr. 



B, Read the next approximation to ctr, B. Ctr, C is avail- 
able for computation. Sw, P = 1/2. Sw. Q =3. (7)'s must 
be omitted if no operations are interposed. 



OUT 


IN 


MISC. 


B 


761 


7 


C 


C 


(7) 
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7. (continued) 



OUT 


IN 


MISC. 








B 




(7) 






















C 


7 


C 


761 


732 


C 


C 


7 


Q 


C 




A 




(7) 






















C 


7 


C 


761 


7 


C 


C 


(7) 








B 




(7) 






















C 


7 


C 


761 


7 


C 


C 


(7) 








P 




7 
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7 . (continued) 



8. 



-1/2 
U/2 lies in ctr. A. The approximation to N ' lies 

in ctr. B. Read the next approximation to ctr. B. Ctr. 

C is available for computation. Sw. P = 3/2. (7)'s 

miist be omitted if no operations are interposed. The 

computation of example 7 may be modified so that the 

— ^i-l J -.* J^■.^rx■ry>n^a O moTT Ko iic5pH friT- oaph .QilOPPSSiVf! 

iiic^LiiVJU yji. CAotAii^x\^ \j A*.i«-j p-'^ **i^c^* *%^-. v**i- — — t - 

ij._^_i.i_„ ^ri^^ iUja f|.5.j5+ jj^^v.^ij'tT reouiring four mul- 
tiplications for the first iteration and three for each 
thereafter. In this case, Sw. Q = 3/2, and N/2 is com- 
puted directly and retained, rather than computing each 
iteration in the form 



X . = X (3/2 - x^ N/2), 
n + 1 n^ ' n 



OUT 


IN 


MISC. 




- 










B 


B 






B 


7 




B 


761 


7 


C 


C 


(7) 








B 




(T) 






















C 


7 


C 


761 


7 


C 


C 


7 


P 


C 




A 




(7)32 






















C 


7 


C 


761 


(7) 














B 




7 


^ 


C 


7 
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8. (continued) 



OUT 


IN 


MISC. 


B 


B 


(V) 










B 


7 



(12) The Rule of False Position 

If f(x) is continuous in the interval a< x< b and f(a) and f(b) are of opposite sign, then 
(b - a) f (a) 



a' = a 



f(b) - f(a) 



is a first approximation to the root of f(x) lying between a and b. Since f(a') and either f(a) 
or f(b) are of opposite sign, either 



„ (a' - a) f(a) „ ^ 

a" = a - i i—LJ- or a" = b - 



„ _ , (a- - b) f(b) 



f(a') - f(a) 
is a second approximation. 



f(a') - f(b) 



9. If counter A = a 
counter B = b 
counter C - f(a) 
counter D = f(b) 
switch P = 1/2 

and counters E through L and counter 70 are available for computation, the following coding will 
deliver: ^ ^ 

a or b depending on the sign of f(a') to counter A, 
a' to counter B, 

f(a) or f(b) depending on the sign of f(a') to counter C, 
f(a') to coxmter D. 

The coding may be repeated to obtain the desired accuracy and the accuracy of division should 
be increased with the repetitions . 



reset ctr. F. 

a to ctr. F 

- b to ctr. F; F =a - b 

f(a) to MC 

reset ctr. I 



OUT 


IN 


MISC. 


F 


F 


7 


A 


F 


7 


B 


F 


732 


C 


761 


7 


I 


I 


7 
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9 . (continueaj 
f(a) toctr.I 

- (b - a) to MP 

-f(b) toctr.I; I =f(a)-f(b) 
reset ctr. 70 
reset ctr. K 

- (b - a)f(a)toctr.K 
f(b) - f(a) to DR 
reset ctr. E 



4.~ nt-^ ■q' 



- (b - a) f(a) to DD 

reset ctr. K 

a to ctr. K 

b to ctr. E; E = a + b 

reset ctr . H 

f(a) to ctr. H 

f(b) to ctr. H; H = f(a) + f{b) 

reset ctr. G 

f(a) to ctr. 70 

(a - b) or - (a - b) to ctr. G 

reset ctr. J 

[f(a) - f(b)l or - [f(a) - f(b)] to ctr. J 

a' in ctr. K 



f(a') is computed and stored in ctr. L; during the compu- 
tation, ctr. 70 is reset 
- f(a') to ctr. 70 

2a or 2b to ctr. E under control of ctr. 70 



OUT 


IN 


MISC. 


C 


I 




F 




7 


D 


I 


732 


732 


732 


7 


K 


K 






K 


7 


I 


76 


732 


E 


E 


7 


A 


E 




K 




7 


K 


K 


7 


A 


K 


7 


B 


E 


7 


H 


H 


7 


C 


H 


7 


D 


H 


7 


G 


G 


7 


C 


732 


7 


F 


G 


7432 


J 


J 


7 


I 


J 


432 




K 


7 




732 


732 


7 


L 


732 


732 


G 


E 


7432 
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9. (continued) 

2f(a) or 2f(b) to ctr. H under control of ctr. 70 

2a or 2b to MC 

reset ctr. B 

a' to ctr. B 

1/2 to MP 

reset ctr . D 

f(a') to ctr. D 

reset ctr. A 

a or b to ctr. A 

2f (a) or 2f(b) to MC 



1/2 to MP 



reset ctr. C 

f(a) or f(b) to ctr. C 



OUT 


IN 


MISC. 


J 


H 


7432 


E 


761 


7 


B 


B 


7 


K 


B 


7 


P 




7 


D 


D 


7 


L 


D 


7 


A 


A 






A 


7 


H 


761 


(7) 














p 




7 




















C 


C 






C 


7 
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(1) If the operating decimal point lies between columns 22 and 23, the error in this function is less 
than 5 x 10~2^. If the decimal point lies between columns n and n + 1, n< 22. the error is 
less than 6.5 x 10-n + 5 x 10-22. A half pick-up may be added and the error reduced to less 
than 6 x 10"^ + 5 x 10-22 as shown in example 5 below. 

(2) Any positive or negative argument in radians may be used, except that sines of third and fourth 
quadrant aisles cannot be computed directly if there are eleven or fewer operating decimal 
places. For exception, see note (10), 

(3) The sine unit requires plugging of the SIO counter and the read-out of 1/2 ir to care for the 
decimal point. See Plugging Instructions. 

(4) The SIO counter may be used as a stor^e counter, for the addition of positive quantities and to 
shift or split numbers, since it has pluggable read-in and read-outs. See Sine In-Out Counter 
and Plugging Instructions. 

(5) Before using the sine unit in a computation it shovild be tested on known values. 



sin 0.584 073 464 102 067 615 3736 = 0.551 426 681 241 690 550 6611 
sin 1.867 258 771 281 654 092 2989 = 0.956 375 928 404 503 013 4325 
sin r = sin 3.141 592 653 589 793 238 4626 = - 
sin 3.867 258 771 281 654 092 2989 =-a663 633 884 212 967 502 1510 
sin 4.867 258 771 281 654 092 2989 =-0.988 031 624 092 861 789 9878 
The unit should also be tested for sines of negative arguments. 

(6) Any operation not using the buss may be carried on during the sine computation time. This 
requires a 7 in the Miscellaneous column of the first line of sine coding and no automatic (no 7 
in the Miscellaneous column) in the last line of interposed coding. This is shown in example 6 
below. 

(7) Two sines may not be computed successively. At least one line of coding, (blank, blank, 7) or 
some other operation not involving the fxmctional units must be inserted. 

(8) The cosine may be computed by the sine unit by means of the relation 

cos X = sin( ■r/2 - x). 

(9) The remaining trigonometric functions may be computed by the usual algebraic operations. 



1. X lies in sw. or ctr. A. Compute sin x and deliver it 
to ctr. B. 



OUT 


IN 


MISC. 


A 


7631 




84 


B 


7 






7321 
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2. X lies in sw. (except IVS) or ctr. A. Compute sin (-x) 
and deliver it to ctr. B. 



3. X lies in IVS. Compute sin (-x) and deliver it to ctr. B. 



4. X lies in sw. or ctr. A. '"72 lies in sw. P. Ctr. C 
is available for computation. Compute cos x and 
deliver it to ctr. B. 



5. X lies in sw. or ctr. A. Compute sin x and deliver it 
to ctr. B. Sw. P contains a 5 in the (22 - n)th column 
when the operating decimal point lies between columns 
n and n + 1 . 



6. Print the quantities in ctrs. C and D. Punch the 
quantity in ctr. E. Step the value tape on interpo- 
lator in back twice, x lies in sw. or ctr. A. Compute 
sin X and deliver it to ctr. B. 



(repeat this line 23 times) 



OUT 


IN 


MISC. 


A 


7631 


32 


84 


B 


7 






7321 




8431 


7631 


21 


84 


B 


7 






7321 




P 


C 


7 


A 


C 


732 


C 


7631 




84 


B 


7 






7321 




A 


7631 




P 


874 


7 


84 


B 


7 






7321 




C 


7432 




D 


74321 




E 


753 




A 


7631 


75 




752 


7542 






7 




7521 


542 
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OUT 


IN 


MISC, 


84 


B 


7 






7321 



(10) If negative sines are computed when there are eleven or fewer operating decimal places, more 
nines will be required for the read-out of the complementary figure than the ten that are avail- 
able by pluggii^. The additional nines required may be supplied from a switch under control of 
the choice counter. If the operating decimal point is between columns 9 and 10, 13 nines are 
needed in columns 11-23. Ten of them are supplied by plugging to ten columns, say 14-23, and 
three are supplied from a switch to columns 11-23. 



7, The operating decimal point lies between cols. 9 and 10. 
X lies in sw. or ctr, A-. Sw= P has 000 in cols, 11-13, 
The other columns of sw. P (cols. 1-10 and 14-24) are 
set on the blank position (not zero). Nines are plugged 
to cols. 14-23. The algebraic sign, col. 24, is bottle- 
plugged as usual. Compute sin x and deliver it to ctr. B. 



OUT 


IN 


MISC. 


A 


7631 




84 


B 


7 


B 


732 


7321 


P 


B 


7432 



(11) Before using the sine unit, the "85-1 P.U." switch and "SIO-OUT-2 Invert Control" switch must 
both lie in the on position. 
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(1) K an interpolator has not been in use for some time, it should be tested before beii^ used in a 
computation. Diagonal numbers should be read out. If interpolation is to be carried on, several 
values should be computed. 

(2) A tape containing a set of numerical values, arbitrary constants or random values of a function 
is called a value tape rather than a functional tape. 

(3) Before using a functional tape, two switch settings mxist be made. One half the number of argu- 
ments is set up in the push button switches labeled "Value Tape set up 1/2 "A" values in tape" 
above the interpolator. The nvunber of interpolational coefficients (including Cq) is set in each 
of the dial switches labeled "Set up number of "C" values on each switch" above the interpo- 
lator. See note (28) for special use of the dial switches. 

(4) The tape decimal point, the "highest order 'h' " and the interval of the argument must be speci- 
fied for proper plugging of the interpolators. If the tape contains negative C values, the decimal 
point may not be shifted to the right. See Plugging Instructions. 

(5) It is desirable that functional tapes be designed with the tape decimal point between columns 15 
and 16 unless more decimal places are needed for the desired accuracy. 

(6) A fimctional tape positions to the closest value of the argument if the Miscellaneous column of 
the first line of interpolation coding is blank or 61 , It positions to the closest lower value of 
the argument if the Miscellaneous column of the first line of coding contains 641 or if the first 
column of the interpolation counter is not plugged. 

(7) If an argiunent which is not in the range of the tape is sent to the interpolator, a red light is 
switched on above interpolator I and the machine is stopped, 

(8) Interpolators I, n and HI are distinguished by the operational codes 7654, 76541 and 76542 re- 
spectively in the In column. 



1. 



X lies in sw. or ctr. A. The functional tape is on interpo- 
lator I. Determine f(x) and deliver it to ctr. B. 



2. 



X lies in sw. (except IVS) or ctr. A. The functional tape 
is on interpolator II. Determine f(-x) and deliver it to 
ctr.B. 



OUT 


IN 


MISC. 


A 


7654 








62 


841 






A 


763 






B 


73 






7 




A 


76541 


32 






62 


841 






A 


763 


32 
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(connnuea; 



OUT 


IN 


MISC. 




B 


73 






7 



3. X lies in ctr. A. The functional tape is on interpolator III. 
Determine f(lx|) and deliver it to ctr, B. 



A 


76542 


2 






62 


841 






A 


763 


2 




B 


73 






7 



(9) 



(10) 



An addition, reset, reading to a print counter or any other operation not involving the multiply- 
divide unit or the interpolators may be inserted in the last line of interpolation coding. The 
typewriters may be turned on or off in the next to the last line of interpolation coding (line re- 
setting the interpolation check counter). 



4. X lies in ctr. A. The f\inctional tape is on interpolator I. 
Determine f(-!x!) and deliver it to ctr. B. Reset ctr. C 
in the last line. Turn off typewriter II. 



OUT 


IN 


MISC. 


A 


7654 


1 






62 


841 






A 


763 


1 


8731 


B 


73 


C 


C 


7 



Occasionally when the interpolator positioning time is very short (the same or the next argu- 
ment) it may be desirable to use the computation time to cover one or more prints. The quantity 
to be printed must be read to the print counter before the interpolation is initiated as shown 
below. 



5. Print the quantity in ctr. C on typewriter I during compu- 
tation time. X lies in ctr. A. The fvinctional tape is on 
interpolator II. Determine f(x) and deliver it to ctr. B. 



OUT 


IN 


MISC. 


C 


7432 




A 


76541 








62 


841 






A 


763 


7 
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5 . (continued) 



OUT 


IN 


MISC. 




752 






B 


73 






7 



6. Print the quantities in ctrs. C and D on typewriters I and 
n. X lies in ctr. A. The functional tape is on interpo- 
lator in. Determine f(x) and deliver it to ctr. B. 



c 


7432 




D 


74321 






752 ■ 


7 


A 


76542 








62 


841 






A 


763 


7 






7 


Repeat this line (blank, 
blank, 7) a sufficient num- 
ber of times so that the 
positioning time plus 
these lines cover 23 
cycles. 






7 




7521 






B 


73 






7 



(11) It may be desirable to carry on calculations not involving the interpolators after interpolation 
is initiated and during tape positioning time. In this case sufficient cycles must be inserted to 
cover more than the maximum tape positioning time of the given problem. The maximum tape 
positioning time for interpolation of order k is 

P = 8 + N(k + 2)/2 

where 

N = the number of arguments to be covered 
k + 1 = the number of interpolational coefficients including C^, . 

(12) If operations are inserted during tape positioning time, the read-in of the argument to the in- 
terpolator in the first line of coding may not be altered by any operational code such as the 
invert code. 
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7. X lies in sw. or ctr. A. The functional tape is on interpo- 
lator I. Determine f(x) and deliver it to ctr. B. Insert 
other operations during tape positioning time . 



OUT 


IN 


MISC. 


A 


7654 


61 






762 


Other computations in- 
serted here must cover 
tape positioning time. 


841 


7654 




A 


763 






B 


73 






7 



X lies in sw. or ctr. A. Ctr. C is available for compu- 
tation. The functional tape is on interpolator II. Deter- 
mine f(-x) and deliver it to ctr. B. Insert other oper- 
ations during tape positioning time . 



A 


C 


732 


C 


76541 


61 






762 


Other computations in- 
serted here must cover 


tape positioning time. 


841 


76541 




C 


763 






B 


73 






7 



(13) If operations are inserted during tape positioning time, a 641 code in the Miscellaneous column 
will insure that the tape will position to the closest lower value of the argument rather than to 
the closest value of the argument. The positioning of the tape to the closest lower value may 



9. A tape is punched xj, f(xi), X2, f{x2), ... . x lies in sw. 
or ctr. A. It is required to determine f{x^) where 
XjjS x< Xj^ ^ j^ and deliver it to ctr. B. Insert other 
operations during tape positioning time. The tape is 
on interpolator I. 



OUT 


IN 


MISC. 


A 


7654 


641 






762 


Other computations in- 
serted here must cover 
tape positioning time. 






73 


85 




753 




B 


7 
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(14) A tape designed for an odd function need only be punched for positive values of the argument 
and counter 70 may be used to determine the sign of the result. 



10. A tape for f(x) = - f(-x) is on interpolator II. x lies in 
ctr. A. It is required to determine f(x) and deliver it 
to ctr. B. Ctrs. 70 and C are reset and available for use. 



OUT 


IN 


MISC. 


A 


732 


7 


A 


76541 


2 






62 


841 






A 


763 


2 




C 


73 


C 


B 


7432 



(15) All functional tapes and value tapes should be checked as described in the section on the design 
of functional tapes before being used in a computation. 

(16) No switch setting or plugging is required for the use of a value tape since the values are read 
directly into the buss. If the decimal point of a value tape is not the same as the operating 
decimal point of the machine, the values must be routed through either the LIO or SIO coxmter 
to shift them to the proper position. 

(17) Selected coefficients may be read out of a fimctional tape as if it were a value tape. The argu- 
ments cannot be read out because of the argument code punched in the first column. 

(18) Since the sequence control tape may contain coding to step the interpolators ahead or back and 
to read values from the tape, the value tape must be synchronized with the control tape. There- 
fore, the starting position of a value tape must be clearly indicated. 

(19) The codes selecting the interpolator from which values are to be read are 85, 851 and 852 in 
the Out column for interpolators I, n and HI respectively. 

(20) The codes stepping the interpolators ahead are 753, 7531 and 7532 in the Miscellaneous column 
for interpolators I, II and m respectively. 

(21) The codes stepping the interpolators back are 754, 7541 and 7542 in the Miscellaneous column 
for interpolators I, n and III respectively. 



11. Step interpolator I ahead. 



OUT 


IN 


MISC. 






753 



12. Step interpolator n back. 







7541 



13. Read the value from interpolator HI to ctr. B. 



852 




7 




B 


7 
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14. Step interpolator I ahead and read the value to ctr. A. 



OUT 


IN 


MISC. 


85 




753 




A 


7 



15. Step interpolator II back and read the value to ctr. A. 



851 




7541 




A 


7 



16. Read the value from interpolator HI to ctr. A, and step 
ahead. 



852 




7 




A 


7532 



85 




7 




A 


754 



17. Read the value from interpolator I to ctr. A, and step 
back. 



(22) If it is desired to read successive values, n + 1 cycles are necessary to read out n values. 



18, Read five successive values from a tape on interpolator II, 
supposing the tape to be standing on the first value, to ctrs. 
A, B, C, D and E, and step the tape to the next value. 



OUT 


IN 


MISC. 


851 




7 


851 


A 


7531 


851 


B 


7531 


851 


C 


7531 


851 


D 


7531 




E 


7531 



the entry in the tape. The following examples illustrate the selection of data from such a tape. 



19. Assuming the tape is on interpolator ni and standing on 
f(n), read f(n - 2), 2f(n), f(n + 1), f(n + 2) to ctrs. A, B, C 
and D respectively and leave the tape on f(n + 2). 



OUT 


IN 


MISC. 






7542 


852 




7542 




A 


7532 


852 




7532 



Continued on next page 
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19. (continued) 



OUT 


IN 


MISC. 


852 


B 


7 


852 


B 


7532 


852 


C 


7532 




D 


7 



20. Assuming the tape is on interpolator I and standing on 
f(n - 2) read f(n), f(n + 1) and f(n + 2) to ctrs. A, B and 
C respectively and leave the tape on f(n). 







753 


85 




753 


85 


A 


753 


85 


B 


753 




C 


754 






754 



(24) The coefficients may be read from a functional tape using these codes . 



21. Position the tape on interpolator II to the argument next 
lower than x in ctr. A and read the three interpolational 
coefficients to ctrs. B, C and D. 



OUT 


IN 


MISC. 


A 


76541 


641 






762 


Other computations in- 
serted here must cover 
tape positioning time . 






73 


851 




7531 


851 


B 


7531 


851 


C 


7531 




D 


7 



(25) Several values at known intervals may be read out in zero order interpolation. The tape is 
punched x^, f(x^), Xg, f(x2), ... . 



22 . If the tape is on interpolator HI, and XjjSX<Xj^^ j,x 
lies in ctr. A, read f(Xj^ _ j), f(Xjj), f{x^ ^ j^\ to ctrs. C, D 
and E respectively. Insert sufficient operatixms to cover 
tape positioning time . Leave the tape standing on an 
argument. 



OUT 


IN 


MISC. 


A 


76542 


641 






762 



Continued on next page 
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22 . (continued) 



OUT 


IN MISC. 


Other computations in- 
serted here must cover 
tape positioning time . 






73 


852 




7542 




C 


7532 


852 




7532 




D 


7532 


852 




7532 




E 


7532 



(26) The interpolators may be used to evaluate any function of the form 



f(x) = Cq + C^g(x) + C2(g(x) f" + Cg(g(x) ) ... 

TPhere g(x^ is anv function of x computed in the machine. The functional tape is punched as 
usual with the argument and the coefficients C^, C^ . i. ..., Cq, in that order Plugging must 
be checked for the complete read-in to the intermediate counter. This saves the build-up time 
in ^^oh midtinlication of the computation of the series. If the C^ are functions of x, then x 
woild usimlly'have to be an integral multiple of the tape interval, ax. If the Cj^ are constants, 
the argument line is not punched except for the argument code. 



X lies in ctr. A. g(x) lies ui ctr. B, The tape is on 
interpolator I. Evaluate f(x) as defined above and 
deliver f(x) to ctr. C. Omit (A) in the first line if the 
C, are constants. 



1 

\J\J i. 




ivli.k)\^ . 


(A) 


7654 








62 


B 


763 






C 


73 






7 



(27) 



If it is not desirable to cover tape -positioning time and if it is necessary to initiate operauons 
other than the usual interpolation sequence as soon as the proper argument is located, the tape 
selection relays may be dropped out by the two lines of coding (blank, blank, 761; blank, blank, 
762) immediately following the first two normal lines of coding. 



24. From the value tape on interpolator I read out two functions 
associated with the argument x , which lies in ctr. A. Store 
the functions in ctrs. B and C. Leave the tape on an argu- 
ment. 



OUT 


IN 


MISC. 


A 


7654 








62 



Continued on next page 
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24. (continued) 



OUT 


IN 


MISC. 






761 






762 






73 


85 




753 


85 


B 


753 




C 


753 



(28) The two dial switches above an interpolator need not be set alike. The right dial switch must 
be set to the number of values accompanying an argument in the tape in order to position the 
tape. The left dial must be set to the number of these values to be used in the interpolation 
computation. 



25 . On interpolator I there is a functional tape with seven 
coefficients to be used on a problem where five coef- 
ficients will give the necessary accuracy . Set the right 
dial switch to seven and the left dial switch to five. 
After locating the argument, drop out the tape selection 
relays, step twice to eliminate Cg and C5 from the com- 
putation, and proceed to interpolate using C^ to C^. Ctr. 
A contains x. Deliver f(x) to ctr. B. 



OUT 


IN 


MISC. 


A 


7654 








62 






761 






762 






753 






753 


841 


7654 




A 


763 






B 


73 






7 



(29) Special problems may require unusual applications of the interpolators. For example, "h" 
correction-2 or "h" correction-3 may be stored in counter C by the line of coding (841, C, 
blank) in conjunction with special wiring. See Plugging Instructions. The interpolator sequence 
can be used for shifting or clipping numbers by plugging the intermediate counter for the proper 
shift and using a tape pxmched with three repeated lines reading (a) argument code only, (b) 
unity, (c) blank. In this case no Out code is used on the first line airf on the third line the Out 
code is for the counter containing the number to be shifted. 

Multiple Use of Interpolators 

(30) When two or three functions have the same range of the independent variable and can be repre- 
sented to the desired accuracy with the same interval of the argument and the same number of 
interpolational coefficients punched with the same decimal point, the fimctional tapes will be 
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identical except for the numerical values of the coefficients. Under these circumstances j it 
rvjQw \yQ desirable to "osition two or three tapes simultaneously. Only one tape positioning is 
coded in the main sequence tape and the "Interpolator gang-positioning switches" control the 
positioning of the one or two remaining tapes. 

(31) This coding involves the operational code 61 in the Miscellaneous column. Therefore the read- 
in of the argument may not be subject to an operational code and sufficient cycles must be in- 
serted to cover maximum tape positioning time. 

(32) Other calculations may be performed between the computations of the several interpolations or 
not as desired. 

(33) It should be noted that the number of interpolational coefficients may be made identical by in- 
cluding zero coefficients. See Design of Functional Tapes. (Such zero coefficients consume 
only four cycles of machine time.) 

26. X lies in sw. or ctr. A. Read f(x), g(x) and h(x) from 

interpolators I. H and HI to ctrs. B, C,and D respectively. 
Use interpolator I as a control for positioning the three 
tapes simultaneously. 





IN 


MISC. 


A 


7654 


61 






762 


Other computations in- 
serted here must cover 
tape positioning time. 


841 


7654 




A 


763 






B 


7 






7 


Other computations of 
any length, if desired. 


841 


76541 




A 


763 






C 


7 






r? 


Other computations of 
any length, if desired. 


841 


76542 




A 


763 






D 


73 






7 
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(1) The interpolators are designed for all orders of interpolation up to and including the eleventh 
order. 

(2) Interpolation is carried out by means of the interpolational pol3rnomial: 

f(a + h) ^ C + C h + C_h^ + ... 

where 

X = a + h, the amount standii^ in a given storage counter for which f(x) is to be com- 
puted, 

a = the argument in the tape which most closely approximates x and for example: 

Cq = f(a), ..., Cj^ = f^(a)A'. . 

(3) Numbers are punched in a functional tape in accordance with a four row code discussed in the 
physical description of the machine , 

(4) Negative arguments and coefficients are pimched as complements on nine. It iis desirable that 
tapes be designed with the decimal point between columns 15 and 16 unless the accvuracy desired 
requires more decimal places, 

(5) The punched arguments are distinguished from all other values by the argument code punched 
in the lowest order machine column. 

(6) The values of the argument, a, must be punched in columns 15, 16, 17, 18 and 24 (for the alge- 
braic sign), the lowest order column of the argument being punched in the fifteenth column. The 
maximum range of the argument must be encompassed in four powers of ten. The interval of 
the argument must be a power of ten, positive or negative; i.e., Aa = 10^. Hence the maximum 
value of h is 0.5 x 1(P. A tape must include an even number of arguments. When using a func- 
tional tape, one half the number of argmnents, N/2, must be set up in the push button switches 
labeled "Value tape set up 1/2 "A" values in tape" above the interpolator. 

(7) For each value of the argument the values pvmched in the tape in order are: 

the argument and the argument code in the first column, 
the coefficient Cj^, 
the coefficient Cj^ _ j , 



the coefficient C^ , 

the coefficient Cq. 

The number of interpolational coefficients (including Cq), k+ 1, is set in the dial switches 
labeled "Set up number of "C" values on each switch". 

(8) The interpolators require plugging to care for the argument, the decimal point, the "h" cor- 
rection and the "C" values. If the tape contains negative "C" values, tire decimal point may not 
be shifted to the right. The highest order "h"; i.e., the number of the column containing lOn-1, 
must be specified for the proper plugging of functional tapes. 
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(S) The maximum tape positioning tinit; vone half the length uf the tape; for Intci pOxakion Ox or«8r 
k is 

P = 8 + N{k + 2)/2 cycles, 

where 

N = number of arguments pimched in tape, 
k + 1 = number of interpolational coefficients including Cq. 

(10) The computation time for interpolation of order k is 

C = 7 + k(4 + n') cycles, 

where 

k + 1 = nimiber of interpolational coefficients including Cq, 

n' = n if the maximum number of digits in any interpolational coefficient is even, 2n, 
or n' = n + 1 if the maximum number of digits in any interpolational coefficient is odd, 2n + 1 . 

(11) The design of a functional tape for interpolation of order k involves the specification of: 

1. the accuracy of the tape, 

2. the rai^e of the argument and any special coding devices by which the rai^e may be in- 
creased, 

3. the interval of the argument, 

4. the niunber of arguments, N, 

5. the number of interpolational coefficients, k + 1 , 

6. the tape decimal point . 

(12) For any specific range of the argument and any predetermined accuracy, a fimction may be 
represented by a functional tape in several different ways. Many interpolational coefficients 
may be used with large intervals of the argument, giving a short tape, brief positioning time, 
but long computation time. On the other hand,a small interval of the argument with few interpo- 
lational coefficients will result in short computation time but longer positioning time. In general, 
a tape should be so designed that the sum of the mean positioning time and the computation time 
will be a minimum. If, however, it is known that the successive arguments for which interpo- 
lation is to be performed differ but little from one another, the positioning time is small in any 
case, and it will be more effective to design the tape for minimum computation time. If the 
variable is random and expected to vary by large increments, it is desirable to design the tape 
so that positioning time is a minimum and spend a longer time on computation. Thus the design 
of a functional tape is governed in the main by three factors: accuracy, tape positioning time 
and computation time. 

(13) In computing the accuracy of a tape, if k is the index of the last interpolational coefficient, k is 
determined by 



r = , H, C. (h max)^ 
k+ 1 1 



where the remaiirfer, r, must be less than one half unit in the lowest order column required to 
give the desired accuracy. When Taylor's series is used, k is determined by 

r :s Cp. ^ ^ (h max) ^ ^ 
takinfiT for C, < its maximum value as a funntinn nf x in thp rancrp imHpr pnnslrio'raMnn 
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1. As an example of the design of a functional tape consider f(x) = arc tan x (principal valuesX 
By a coding device employing the identities 



arc tan (-x) = - arc tan x 



and 

arctan|x|= ir/a - arc tan l/|x|, 

a tape covering the arguments s x ^ 1 may be extended to cover interpolation for 
-oosxs+oo. Using Taylor's series, Uie coefficients of tiie interpolational polynomial 

Ca = f(a) = arc tan a 



Cj = f'(a) = 



l + a2 

r =l!!laL. -a , 

2 2- (1 + a2f 



r -tHiSl 3a2- 1 



3'. 3(1 + a2)3 
3 



C f'^(a) _ a - a 
^ 41 (1 + a2)^ 

C = f ^(a) ^ 1 - 10a2 + Sa*^ 
^ 5'. 5(1 + a2)5 



The absolute value of all coefficients is less than or equal to one. 

The following table shows the calculations for accuracy, tape positioning time in cycles 
and computation time in cycles. The accuracy desired is an error of not more than 5x 10-8 
and the tape is punched with decimal point between columns 9 and 10. 

Calculations for Tape for f(x) = arc tan x 



Tape number 


I 


n 


ni 


Interval of argument 


0.1 


0.01 


0.001 


Range of arguments 


0<x^l.l 


0<X:S1.01 


0<x< 1.001 


Number of arguments = N 


12 


102 


1002 


Cj (h max) 


5 X lO"^ 


5 X 10'^ 


5 X 10"^ 


Cg (h max) 2 


8.125 X 10"^ 


8.125 X 10"^ 


8.125x10"^ 
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^_i_..i_4.j — ^ *,>■». Toi-ia fr,f f(v\ — oi-r ts»n -y ^continued) 



Tape number 



Co (h max)' 



C4 (h max)' 



C_ (h max) 
5 



Number of coefficients = k + 1 



Tape positioning time in cycles... 



Maximum 



Mean 



Computation time in cycles 



Interpolation time in cycles.. 



Maximum 



Mean 



Error of tape 



4.2x10 



-5 



2.5 X 10 



6.3 X 10 



29 



52 



102 



81 



n 



4.2x10" 



2.5 X 10 



10 



6.3 X 10 



-13 



4x 10 



110 



ZD 



237 



135 



4.3 X 10 



m 



4.2 X 10 



-11 



2.5 X 10 



-14 



6.3 X 10 



•18 



5ni5! 



1010 



2037 



1035 



4.3 X 10 



■11 



(14) Since the number of coefficients required for the desired accuracy varies ^th the argument, 
U*; Dim,e uie uui u ^ ^ ^^ ^^ — ^_^^ ^^^^^ .^ ^^^^^ ^^ ^^^ hiffher coefficients for values 

computation Ume UIAV UC oa.vc<a uy jj.^iv^*iti»t> ""' -" i -' "^ ,,, J.1.J- 

of the argument not requiring as many terms of the series. Since the MC is held constant during 
the computation, a multiplication by zero consumes only four cycles m such cases. 

2. For example, consider f(x) = arc sin x. The tape is to be punched for 0< x < 0.9, the in- 
tervals of the argument being 0.01. 





0.1 

0.2 

0.3 
0.4 
0.5 

0.6 
0.7 
0.8 
0.9 



Calculations for Tape for f (x) = arc sin x 



C . Ih max^4 

-4 X- / 



2.45 x 10- JJ 
5.56 X 10-11 

1.04x10-10 
1.91x10-10 
3.74 X 10-1" 

8.31 X 10-10 
2.30x10-9 
9.56 X 10"^ 
1.09 X 10- "^ 



C^ (h max)5 
o " 



o oc -^ 1 rt-13 

2.65 X 10-13 
3.73 X 10-13 

6.24 X 10-13 
1.21x10-12 
2.71x10-12 

7.38 X 10-1? 
2.70 X 10-11 
1.68x10-10 
3.81 X 10-9 



Cc (hmax)6 



5.30x10-16 
1.36x10-15 

3.07x10-15 
7.34 X 10-15 
2.02x10-1^ 

6.97x10-1^ 
3.37x10-13 
3.12 X 10-12 
1.32x10-10 



C„ (h max) ' 



6.20 X 10-15 
5.62 X 10-11 
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Thus a tape with an error of e < 6 x lO"^! due to the termination of the Taylor's series 
would be punched with the following coefficients: 



sa<0^ 
0.2<a<0.7 
0.7<a<0.8 
0.8<a<0.9 



a, 0, 0, 0, Cg, Cg, Cp Cq 

a, 0, 0, C^, Cg, C2> Cj, Cq 

^' ' 5' 4' 3' 2' 1' 

a, Cg , Cg, C^, Cg, C2, C^, Cq 



Thus for random values of x, Tape I is the most effective. If, however, it were known that 
the values of x were increasing and that in no case was ax 5r 0.1, the positioning time of 
Tapell would be reduced to 48 cycles or less, giving a maximum interpolation time of only 
76 cycles and making Tape II the more efficient. For the desired accuracy, Tape III is ob- 
viously inefficient. 

(15) With the possible exception of very elementary functional tapes, the values of the interpolation 
coefficients should be computed on the calculator itself. Hence the design of a functional tape 
involves the coding of a sequence tape for its preparation, 

(16) To facilitate punching of the functional tape, the sequence tape calculating the coefficients should 



be so coded that it prints the argument, followed by the coefficients in the order C, , C 



'1,Cq 



Negative numbers shovdd be printed as complements on nine. 



k' ^k-1' 



(17) 



Before the functional tape is used in a calculation, there are two checks which should be made 
usii^ the calculator. The interpolator should be required to position on each argvmaent and to 
print out the successive coefficients (the argument cannot be printed from the tape because of 
the argument code in the first column). This set of coefficients should then be proof-read 
against the computed coefficients. The coding for the sequence tape to accomplish this, if the 
fimctional tape has three interpolational coefficients, is given in example 3. 

3. Test arguments and read out three coefficients. 
Functional tape on interpolator I. 



accumulate argument in ctr . 1 
position tape 

drop out tape selection relays 

reset interpolation check counter 
print argument on typewriter I 

step ahead, read and print C, 



OUT 


IN 


MISC. 






87 


8431 


1 


7 


1 


7654 








62 






761 






762 






73 


1 


7432 






752 


6 


85 




753 




7432 






752 


6 



Continued on next page 
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3 . (continued) 

Step ahead, read and print C^ 



Step ahead, read and print C^ 



OUT 


!N 


MISC = 


85 




753 




7432 






752 


6 


85 




753 




7432 






752 


6 






87 



The operating instructions for this tape must include plugging instructions for interpolator 

T I 4.— ^^—.^j^-y^^ T ne- -moll no fViQ -f /^1 1 r»\iri nCT inctT"lll»tinTIR! 

A. Reset counter 1 before starting. 

B. Set TVS for first value of the argument. 

C. Start machine and press 87 stop key. 

D. If interpolator does not position, check tape to see that first argument and argument 
code are in proper position. If these are correct, test interpolator. 

E. When machine stops on 87, reset IVS to 1 x 10" where Aa = 10^^. Restart machine. 

F. For each argument the interpolator may fail to position. If the interpolator does not 
position, check tape to see that the appropriate argument and argument code are in 
proper position. 

The interpolator should also be required to interpolate on assigned values of x which can 
be checked against tables. In general, it is wise to check the mid-values, since these give 
rise to approximately the maximum error. The coding for such a tape is given in example 4. 



4. Test interpolation. Tape on interpolator I. 

reset ctr. 2 

acciimulate argument in ctr. 1 

position and interpolate 



OUT 


IN 


MISC. 






on 

U 1 


2 


2 


7 


8431 


1 


7 


1 


7654 








62 


841 






I 


763 
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4. (continued) 

read f(x) to ctr. 2 

print X on tjrpewriter I 

print f(x) on typewriter I 



OUT 


IN 


MISC. 




2 


73 






7 


1 


7432 






752 


6 


2 


7432 






752 


6 






87 



The operating instructions for this tape must include plugging instructions for interpolator 
I and typewriter I, as well as the following instructions: 

A. Reset counter 1 before starting. 

B. For the first round of sequence tape set IVS equal to the first value to be checked, then 
change to ax. If it is desired to interpolate on mid- values on a tape startii^ with argu- 
ment zero, set IVS = 5 x lO^i " 1 for the first rovmd and IVS = 10^ thereafter, where 
Aa = ion. 

(18) One interpolator can be made to serve for several fimctions by subjecting the arguments to a 
linear transformation and punching them in a sir^le tape. In this case, the interval of the 
transformed arguments and the number of interpolational coefficients must be equal for all 
fimctions. The number of interpolational coefficients may of course be made identical by using 
zero coefficients which consume only four cycles of machine computation time. 



A tape is to be designed for 




y = f(x) 


Os asx-=b 


y = g(x) 


0< c<:x< d. 


The tape must be punched for 




F(z) 


< a < z < bd/c 


where 




F(z) = f (x) 


a< z< b 


F(z) = 


z =b 


F(z) = g(cz/b) 


b<: z< bd/c 



For y = f(x), the argument is read directly to the interpolator. 
For y = g(x), z = bx/c is read to the interpolator as the argument. 

Care must be taken in selecting the limits a, b, c and d of the functions, so that the interpo- 
lator is not required to position to the argument z = b . 
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/I \ T_ ^,>^^,■,\n^■t^rr ty,a aii/>/>acc{«a Aittafanooa ni a fnnctinn. thrfie RrhpltlGS for the USe Of COUIlterS 

are available. To calculate nth differenceSj the first method consumes 3n cycles and uses n 
counters. The second or "round-robin" method covers n + 2 cycles, uses n + 1 counters, and 
must be repeated n + 1 times. The third method covers 2n + 2 cycles and uses n + 1 counters. 

(2) If a computation includes sufficient multiplication and division so that many lines are free for 
interposed operations, and if there is a shortage of counters, the first method is appropriate, 

(3) If the coding is tight and if the computation is brief so that repetition will not make too long a 
tape, the second method is more efficient. 

(4) In most other cases except first order differencing, the third method is most useful. Note that 
this method provides a simple check on the result. 

(5) The first method is coded to compute and print fifth differences. 



1. The value u^ lies in ctr. P and may therefore be inverted when read out, and 



counter A = u_]^ 
coxinter B = au_2 
counter C = a2u_3 
counter D = a^u_4 

5 



counter E = a^u 



-Uq to ctr. A; A = -au_j 

2 

- Au j^ to ctr. B; B = -a Ug 

- A^ -.to ctr. C: C = -a^u „ 

-i - -o 

"K 4 

- A^Ug to ctr. D; D = -a u_^ 

- A^_4 to ctr. E; E = -a u_g 
print A u_gon tjrpewriter I 



reset ctr. E 

4 
A n . to ctr. R 

reset ctr. D 

3 
A u_3 to ctr. D 

reset ctr. C 

A^u 2 to ctr. C 

T-gogt ctr ^ 



OUT 


IN 


MISC. 


P 


A 


732 


A 


B 


7 


B 


C 


7 


C 


D 


7 


D 


E 


7 


E 


7432 


32 




752 


6 


E 


E 


7 


D 


E 


732 


D 


D 


7 


C 


D 


732 


C 


C 


7 


B 


C 


732 


B 


B 


7 



Continued on next page 
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1 . (continued) 
AUj^ to ctr. B 
reset ctr. A 



u to ctr. A 



OUT 


IN 


MISC. 


A 


B 


732 


A 


A 


7 


P 


A 


7 



2, The value Uq lies in a value tape or arises from any sources from which the read-out 
cannot be inverted, and 

counter A = -u_j^ 
covinter B = -au_2 
counter C = -a^u.o 
counter D = -a3u_4 
counter E = -a^ c . 



Uq to ctr. A; A = au_, 
AUj to ctr. B; B = a2u_2 
a2u_2 to ctr. C; C = a3u_3 
a3u_3 to ctr. D; D = a^u_4 
A^u_4 to ctr. E; E = a^u_^ 
print A^u_5 on tjrpewriter I 

reset ctr. E 
-A^u_4 to ctr. E 
reset ctr. D 
-a2u_3 to ctr. D 
reset ctr. C 
-a2u_2 to ctr. C 
reset ctr. B 
-Au_2^ to ctr. B 
reset ctr. A 



u to ctr. A 



OUT 


IN 


MISC. 


P 


A 


7 


A 


B 


7 


B 


C 


7 


C 


D 


7 


D 


E 


7 


E 


7432 






752 


6 


E 


E 


7 


D 


E 


732 


D 


D 


7 


C 


D 


732 


C 


C 


7 


B 


C 


732 


B 


B 


7 


A 


B 


732 


A 


A 


7 


P 


A 


732 



(6) The "roxind- robin" method is coded to compute and print third differences. 
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3. Successive values of the function are delivered from 



value ta"e card feed or ctr. P and 



counter A = - a u_4 
counter B = a^u.s 
counter C = -au_2 
counter D = u_j . 



reset ctr. A 



u« to ctr. A 

-Uq to ctr. D; D = -au j^ 

Au_j^ to ctr. C; C = a u_2 

2 3 

- A-u_2 to ctr . B; B = - a u „ 



print A u_o 



reset ctr. B 



Uj^ to ctr. B 



-Uj to ctr. A; A = -auq 



AUjjto ctr. D; D = a^u_j 
print A'*u_2 



A^Uj^ to ctr. C; C = -a'*u_2 



reset ctr, C 



Ug to ctr.C 



-Ugto ctr.B; B = -au^ 
Au* to ctr. A; A = a^Uq 
-a2uq to ctr. D; D = -a3u_^ 
print A^_i 



reset ctr. D 



Ug to ctr. D 





OUT 


IN 


MISC. 






A 


A 


7 






P 


A 


7 






A 


D 


732 






D 


C 


732 






C 


B 


732 






B 


7432 


32 








752 


6 






B 


B 


7 






P 


B 


7 






B 


A 


732 






A 


D 


732 






D 


C 


732 






C 


7432 


32 








752 


6 






C 


C 


7 






P 


C 


7 






n 


R 


732 





D 



7432 



752 



D 



732 



32 



Continued on next page 
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3. (continued) 

-Ug to ctr.C; C = -au2 
AUoto ctr. B; B = Anij 
- A uj to ctr. A; A = - a uq 



print A u 







OUT 


IN 


MISC. 


D 


C 


732 


C 


B 


732 


B 


A 


732 


A 


7432 


32 




752 


6 



(7) The third method is coded to compute and print fifth differences. 

4. Successive values of the function are delivered from a value tape, card feed or ctr. P and 

counter A = u_i 
counter B = au_2 
covmter C = a^u_3 
counter D = a3u_4 
coiinter E = A^u.g 
counter F = A^u.g . 

reset ctr. F 

-A^u_5 to ctr. F 

-A^u_4 to ctr. F 

-a2u_3 to ctr. F 

-Au_2 to ctr. F 

-u_jtoctr.F 

UQto ctr. F; F = a^u.s 

print a5u_5 on typewriter I 

A^u.s to ctr. E; E = a^u_4 
a^u_4 to ctr. D; D = a^u.s 
a3u.3 to ctr. C; C = a2u_2 
a2u_2 to ctr. B; B = au_i 
Au_j^ to ctr. A; A = uq 

Note that an excellent check on the accuracy of the differencing process can be made in 
three additional cycles by checking u^ in A against P. 



OUT 


IN 


MISC. 


F 


F 


7 


E 


F 


732 


D 


F 


732 


C 


F 


732 


B 


F 


732 


A 


F 


732 


P 


F 


7 


F 


7432 






752 


6 


F 


E 


7 


E 


D 


7 


D 


C 


7 


C 


B 


7 


B 


A 


7 
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CENTRAL-DIFFERENCE INTERPOLATION 



{!) "A central-difference fofmula terminating at a mean difference of the entry Uq Is more accu- 



rate man a lormuia wmcn is curtailed at the corresponding ditterence oi u -s m s and ii is 
less accurate than a formula which is curtailed at the corresponding difference of ^i/o-" 
Whlttaker and Robinson, The Calculus of Observations , 3rd ed., London, 1940, p. 49. 

Thus the Newton-Bessel formula is more accurate as far as mean differences of even order 
when further terms are neglected than the correspondii^ Newton-Stirling formula. In the same 
way Newton-Stirlir^ is more accurate as far as mean differences of odd order . 

If interpolation is being performed on third differences, the Newton-Stirling formula is the more 
accurate since it terminates in mean third differences. Since operations are inserted durii^ 
tape positioning time and interposed durii^ multiplication, the cost of includii^ the term con- 
taining the fourth difference is but one multiplication. Becaxise of this gain in accuracy, the 
formula has been coded to include the fourth difference term. The computations of the coef- 
ficient, fourth difference and the completed term have been underlined so that they may easily 
be omitted if desired. For even differences the same considerations apply to Uie use of the 
Newton-Bessel formula. 



sssiirr.cH in thiic aar^finn thai 2 fahlo ni 



v-»tirtn 



srsH ihz 



has 



been pimched with an argument of the form a + kw, followed by the value of the function f(a + kw), 
for k = 0, 1, ..., 9, and all values of a required. The integer n and the parameters a and w 
are fixed, for a particular case, and are connected by the relations w = 10"^, n = 0, Aa = lOw. 
It is now desired to compute f (y) by interpolation, where y is within the range of the arguments 
on the tape. The coding first puts the argument y in the form a + xw, where x is now not 
necessarily an integer, and where < x < 10, 

(3) The value y is sent to the interpolator to position the tape to the tape argument, a, immediate- 
ly below it; l^e., such that = y - a < lOw^ The tape positioning time^ which must be covered, 
since the tape is being positioned to the next lower value of the argument, is used to determine 
X and the coefficients involving x. If the tape positioning time cannot be covered, the usual 
coding is used and the first column of the interpolation coimter is not plugged. See Plugging 
Instructions . 

(4) The method of computation of x during tape positioning time, when a is still unknown and w is 
a power of ten, is shown below. 



(a) 



If w = 10~", n a positive integer or zero, then a + xw is shifted n columns to the left by 
passing it through the LIO counter. The LIO counter is plugged for such a shift except that 
the plugging is omitted in the columns above one to the left of the decimal point and nines 
are plugged into the first n machine columns of the buss. This will finally give x if y is 
positive, and x - 10"P if y is negative, where the position of the decimal point is between 
Columns p and p + 1 , A correction is made by adding five in column 24 and then subtract- 
ing five in colxunn 24 imder control of the choice counter. Thus x is the result in either 
case. 

1. a + xw lies in ctr. A; sw. P contains 5 in col. 24. Deliver x to ctr. B, 



reset LIO ctr. 

a + xw to LIO ctr. 

reset ctr. B 



OUT 


IN 


MISC. 






763 


A 


765421 


7 


B 


B 


7 
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OUT 


IN 


MISC. 


831 


B 


7 


732 


732 


7 


A 


732 


732 


P 


B 


7 


P 


B 


7432 



1 . (continued) 

X to ctr. B 

reset ctr. 70 

- (a + xw) to ctr. 70 

5 in 24th colvimn to ctr. B 

5 in 24th column to ctr. B under control of ctr. 70 

(b) If w = 10", n a positive integer, it is in most cases better to normalize the units of the 
argument and of the function to include this in the previous case, 

(5) In the coding which follows it is assumed that a a = 0.1 in the tape, and that the tape is on 
interpolator I. It is also assumed that the successive values of a + xw appearing in the compu- 
tation do not differ by more than one unit. If they differ by more than one unit more cycles 
°^^^t be added to cover tape positioning time. If it is known that the values of a + xw occur in 
close succession, it might be profitable to defer at least a part of the computation of the coef- 
ficients until the tape has positioned, and use these multiplications to cover the differencing. 
This is particularly true of computations involving the higher order differences. 

(6) For interpolation extending through third or fifth differences, the Newton-Bessel formula was 
used: 

f(a + xw) = 1/2 [f(a) + f(a + w)] + (x - 1/2) Af (a) + ^^^^ 1/2 [A^fCa - w) + A2f(a)] 

- x^E^i^^^,3f(a - w) . (x^l)x(x-l)'(x-2) ,^ ^^4^^^ _ ^^ ^ ^,^^^ _ ^^ 

^ (x^l)x(x-lKx-2Kx-l/2) ^5f(a _ 2w) + 
5'. 



2. a + xw lies in ctr. A. f(a + xw) is to be delivered to ctr. L. Ctrs. B through L, 70 and LIO 
are available for computation, but not reset. Switches are set as follows: 

Switch SP = 1/2 
Switch SQ =1.0 
Switch SR = 1/4 
Switch SS = 2/3 
Switch ST = 5 in machine column 24 . 

Coefficients for and computation of third differences which may be omitted are underlined. 
(7) s must be omitted if no operations are interposed. 



(a + xw) to interpolator I 
interpolator I positions 



OUT 


IN 


MISC. 


A 


7654 


641 






762 



Continued on next page 
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2 . (continued) 
reset LIO ctr. 
(a + xw)to LIO ctr. 
reset ctr. B 
xtoctr.B 
reset ctr. 70 

- (a + xw) to ctr. 70 

5 in column 24 to ctr. B 

T 5 in column 24 to ctr. B under control of ctr. 70 

ygoQt ctr. M 

X to ctr. M 

X toMC 

- 1 to ctr. B 
reset ctr. C 
(x - 1) to MP 
1/2 to ctr. P 
reset ctr. D 
reset ctr. E 
reset ctr. F 

x(x - l)to ctr.C 
x(x - 1) to MC 
reset ctr. N 
reset ctr. G 
1/4 to MP 
reset ctr. H 
reset ctr. I 
reset ctr. J 



OUT 


IN 


MISC. 






763 


A 


765421 


7 


B 


B 


7 


831 


B 


7 


732 


732 


7 


A 


732 


732 


ST 


B 


7 


ST 


B 


7432 


M 


M 


7 


B 


M 


7 


B 


761 


7 


SQ 


B 


732 


C 


C 




M 




7 


SP 


P 


7 


D 


D 


7 


E 


E 


7 


F 


F 






C 


7 


c 


761 


7 


N 


N 


7 


G 


G 




SR 




7 


H 


H 


7 


I 


I 


7 


J 


J 


7 
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2 . (continued) 
reset ctr. K 
x(x - l)/4 to ctr. N 
x(x - l)/4 to MC 
- 1/2 to ctr. P 
X to ctr. P 
(x - 1/2) to MP 



x(x - l)(x - l/2)/4 to ctr. D 
x(x - l)(x - l/2)/4 to MC 
reset ctr. L 
reset ctr. Q 
2/3 to MP 



OUT 


IN 


MISC. 


K 


K 






N 


7 


N 


761 


7 


SP 


P 


732 


B 


P 




P 




(7) 




























D 


7 


D 


761 


7 


L 


L 


7 


Q 


Q 




s. 




iJl 




























Q 

~ „ 


7_ 



x(x - l)(x - l/2)/3l to ctr. Q 

A check should be made to see that sufficient cycles have been inserted to cover interpo- 
lation positioning time. 

interpolator I has positioned; reset IC 
select interpolator I and step ahead 
f(a) to ctr. E and step ahead 
select interpolator I and step ahead 
f(a + xw) to ctr. F and step back 

Continued on next page 







73 


85 




753 




E 


753 


85 




753 




F 


754 
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2 . (continued) 

1/2 to MC, step back 
f(a) to ctr. K, step back 
f(a + w) to ctr. K, step back 
[f (a) + f (a + w)] to MP 
f(a + w) to ctr, G. 
-f(a)to ctr.G; G = Af(a) 
select interpolator I 
f(a - w) to ctr. H, step ahead 
If^a^ + f(a + w^ I /2 tn ctf L- st*^" ahead 
(x - 1/2) to MC, step ahead 

- f(a) to ctr. H; H = -Af(a - w) 

Af(a) to ctr. H; H = A^f(a - w), step ahead 

Af(a) to MP, step ahead 

select interpolator I, step ahead 

f(a + 2w) to ctr. I 

- f(a + w) to ctr. I; I = Af(a + w) 

- Af(a) to ctr. I; I = A^fCa) 
(x- l/2)Af(a)toctr.L 

x(x - l)/4 to MC 

2 

A f(a - w) to ctr. J 

2 

A f (a) to ctr. J 

[a^ f (a - w) + A^f(a)] to MP 

- A%(a - w) to ctr. I; I = A^f(a - w) 



OUT 


IN 


MISC. 


SP 


761 


754 


E 


K 


754 


F 


K 


54 


K 




7 


F 


G 


7 


E 


G 


732 


85 




7 




H 


53 




L 


753 


P 


761 


753 


E 


H 


732 


G 


H 


53 


G 




753 


85 




753 


1 


7 


F 


I 


732 


G 


I 


32 




L 


7 


N 


761 


7 


H 


J 


7 


I 


J 




J 




7 


H 


I 


(7)32 


















1 
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2. (continued) 

x(x - 1) [a^I (a - w) + A^fCa)] /4 to ctr. L 
x(x - l)(x - l/2)/3'. to MC 



A^f (a - w) to MP 



x(x - l)(x - 1/2) A%a - w)/3'. to ctr. L. 
f(a + xw) lies in ctr. L. 



OUT 


IN 


MISC. 




L 


7 


Q 


761 


(7) 














I 




(7) 






















L 


7 



(7) For interpolation extending throi^h fourth differences, the Newton-Stirling formula was used: 
f(a + xw) = f(a) + X [Af(a) + Af(a - w)] /2 + x2/2'.A^f(a - w) 

+ x(x2 - l^)/3[ [A^f(a - w) + A^f(a - 2w)] /2 + x^ix^ - l^)/4lA'*f(a - 2w) + ... 

3. a + xw lies in ctr. A. f(a + xw) is to be delivered to ctr. L, Ctrs. B throi;^h N, 70 and 
LIO are available for computation but not reset. Switches are set as follows: 

Switch SP = 1/2 

Switch SQ = 5 in machine colvunn 24 

Switch SR = 1 .0 

Switch SS =1/6 

Switch ST = 1/12 . 

Coefficients for and computation of fourth differences which may be omitted are under- 
lined. (7)'s mvist be omitted if no operations are interposed. 



(a + xw) to interpolator I 
interpolator I postion 
reset LIO ctr. 
(a + xw) to LIO ctr. 



OUT 


IN 


MISC. 


A 


7654 


641 






762 






763 


A 


765421 


7 



Continued on next page 
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3. (continued) 
reset ctr. B 
X to ctr. B 
reset ctr. 70 
- (a + xw) to ctr. 70 
5 in first colvimn to ctr. B 

T 5 in first column to ctr. B under control of ctr. 70 
X toMC 
reset ctr. C 
reset ctr. L/ 
X to MP 
- 1 to ctr. D 
reset ctr. E 
reset ctr. F 
reset ctr. G 
x^ to ctr. C 
X toMC 

x^ to ctr. D; D = X - 1 
reset ctr . H 
1/2 to MP 
reset ctr . I 
reset ctr^ J 
reset ctr. K 
reset ctr. P 
x/2 to ctr. P 
x^ to MC 
reset ctr, L 





OUT 


IN 


MISC. 




B ] 


B 


7 




B31 ] 


B 


7 




732 


732 


7 




A 


732 


732 




SQ 


B 


7 




SQ 


B 


7432 




B 


761 


7 




C 


C 


7 




D 


D 






B 




7 




SR 


D 


732 




E 


E 


7 




F 


F 


7 




G 


G 








C 


7 




B 


761 


7 




C 


D 


7 




H 


H 






SP 




7 




I 


I 


7 




J 


J 


7 




K 


K 


7 




P 


P 








P 


7 




C 


761 


7 




L 


L 


7 
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3 . (continued) 
reset ctr. M 
1/2 to MP 
reset ctr. N 

reset ctr. Q 
x2/2! to ctr. Q 
(x^ - 1) to MC 



x/2 to MP 



x^x'^ - l)/2 to ctr. E 
x(x2 - l)/2 to MC 



1/6 to MP 



reset ctr. U 

x(x2 - l)/(2)(3!)toctr.U 

x^/2 to MC 



OUT 


IN 


MISC. 


M 


M 




SP 




7 


N 


N 


(7) 








Q 


Q 






Q 


7 


D 


761 


(7) 














P 




(7) 




























E 


7 


E 


761 


(7) 














SS 




7 




















U 


U 






U 


7 


9. 


761 


Q} 
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a . (coniinuea j 



(x^ - DtoMP 



reset ctr. R 

x'JK' - l)/2 to ctr. R 

x^(x^ - l)/2 to MC 



1/12 to MP 



OUT 


IN 


MISC. 








D 




7 




















E. 


R 






R 


7 


R 


761 


(11 














ST 




1 




















S. 


S 






S 


7_ 



reset ctr. S 

x^(x^ - l)/4'. to ctr. S 

A check should be made to see that sufficient cycles have been inserted to cover interpo- 
lation positioning time. 

interpolator I has positioned, reset IC 

select interpolator I and step ahead 

f(a) to ctr. F, step ahead 

select interpolator I and step ahead 

f(a + w) to ctr. G, step back 

f(a + w) to ctr. H, step back 

- f(a) to ctr. H; H = Af(a) 

f(a) to ctr. L, step back 

select interpolator I and step back 







73 


85 




753 




■c 


1 ua 


85 




753 




G 


754 


G 


H 


754 


F 


H 


732 


F 


L 


754 


85 




754 
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3. (continued) 

f(a - w) to ctr. I, step back 

- f(a - w) to ctr. F; F =Af(a - w) 
x/2 to MC, step back 

Af(a) to ctr. M 

Af(a - w) to ctr. M 

Af(a) + Af (a - w) to MP 

select interpolator I 

f(a - 2w) to ctr. J, step ahead 

- f(a - 2w) to ctr. I; I = Af(a - 2w) 

- Af(a - w) to ctr. I; I = - A^fCa - 2w) 

x/2 [Af(a) + Af(a - w)] to ctr. L, step ahead 
x2/2! to MC, step ahead 

- Af(a) to ctr. F; F = - A^fCa - w) 
A^tia. - w) to ctr. K 

A%(a - w) to MP 

- A2f(a - 2w) to ctr. K; K ^A^ia. - 2w), step ahead 
step ahead 

step ahead 

reset ctr. T, step ahead 

(x2/2l)A2f(a -w) to ctr. L, step ahead 

select interpolator I 

f(a + 2w) to ctr. T 

- f(a + w) to ctr. T; T = Af(a + w) 

- Af(a)to ctr.T; T =A2f(a) 

- A^fCa - w) to ctr. T; T = A^f(a - w) 
x(x2 - 1)/12 to MC 

A^f(a - 2w) to ctr. N 



OUT 


IN 


MISC. 




I 


754 


I 


F 


732 


P 


761 


754 


H 


M 


7 


F 


M 




M 




7 


85 




7 




J 


753 


J 


I 


732 


F 


I 


32 




L 


753 


Q 


761 


753 


H 


F 


732 


F 


K 


32 


F 




732 


I 


K 


753 






753 






753 


T 


T 


53 




L 


753 


85 




7 




T 




G 


T 


732 


H 


T 


732 


F 


T 


7 


E 


761 


7 


K 


N 


7 
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A^f(a - w) to ctr. N 
[A3f(a - 2w) + A^f (a - w)] to MP 
- A^f(a - 2w) to ctr. T; T = A^f(a - 2w) 



x(x2 - l)/3! [A3f(a - 2w) + A3f(a - w)] /2 to ctr. L 
x2(x2 - l)/4!toMC 



A%(a - 2w) to MP 



x^(x^ - l)/4i A^fCa - 2w) to ctr. L. 
f(a + xw) lies in ctr. L. 



OUT 


IN 


MISC. 


T 


N 




N 




7 


K 


IL 


(7)32 






















L 


7 


S 


761 


(D 














T. 




(7) 






















h_ 


1 
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INTERPOLATION BY NEWTON- GREGORY DIFFERENCE FORMULA 



(1) In certain cases the Newton-Gregory formula of interpolation is found convenient. It may be 
used in the form 

f(a + xw) =f(a) + X Af(a) + ^^^ " ^) A2f(a) + x(x - l)(x - 2) ^3f(a) 

^ x(x - l)(x - 2)(x - 3) ^4j(^j ^ x(x-l)(x'-2)(x-3)(x-4) ^5f(a) ... 

(2) It is assumed that a functional tape has been ptmched with the values 

..., (a - 2w), f(a - 2w), (a - w), f(a - w), a, 
f(a), (a + w), f(a + w), (a + 2w), f{a + 2w), ... 

(3) In the coding which follows, it is assumed that the interval of the arguments is 0.1 and that the 
tape is on interpolator I, See Central -Difference Interpolation, note (5). 

1, (a + xw) lies in ctr. A. f(a + xw) is to be delivered to ctr. I. Ctrs, B throvigh P, 70 and 
LIO are available for computation but not reset. Switches are set as follows: 

Switch SP = 5 in machine column 24 

Switch SQ = 1/2 

Switch SR = 1/3 

Switch SS =1/4 

Switch ST = 1/5 

Switch SU = 1/6 

Switch SV = 1.0 

The computation is carried to sixth differences. 



(a + xw) to interpolator I 

interpolator I positions 

reset LIO ctr. 

(a + xw) to LIO ctr. 

reset ctr. B 

X to ctr. B 

reset ctr. 70 

- (a + xw) to ctr. 70 

5 in first col. to ctr. B 

+ 5 in first col. to ctr. B under control of ctr. 70 

reset ctr. C 



OUT 


IN 


MISC. 


A 


7654 


641 






762 






763 


A 


765421 


7 


B 


B 


7 


831 


B 


7 


732 


732 


7 


A 


732 


732 


SP 


B 


7 


SP 


B 


7432 


C 


C 


7 
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1 . (continued) 
X to MC 
X to ctr. C 

- 1 to ctr,C; C =x - 1 
X - 1 to MP 

reset ctr. D 
reset ctr. E 
reset ctr. F 
x(x - 1) to ctr. D 
ctr. D to MC 
reset ctr. Q 

- 1 to ctr. C; C =x - 2 
1/2 to MP 

reset ctr . G 

reset ctr. H 

reset ctr. I 

x(x - l)/2 to ctr. Q 

ctr. QtoMC 

reset ctr. J 

reset ctr ^ 

(x - 2) to MP 

reset ctr. L 

reset ctr. M 

reset ctr. N 

x(x - l)(x - 2)/^! to ctr. E 

ctr. E to MC 

reset ctr. R 



OUT 


IN 


MISC. 


B 


761 


7 


B 


C 


7 


SV 


C 


32 


C 




7 


D 


D 


7 


E 


E 


7 


F 


F 






D 7 


D 


761 


7 


Q 


Q 


7 


SV 


C 


32 


SQ 




7 


G 


G 


7 


ij 


H 


7 


I 


I 




Q 


7 


Q 


761 


7 


J 


J 


7 


K 


K 




C 




7 


L 


L 


7 


M 


M 


7 


N 


N 






E 


7 


E 


761 


7 


R 


R 


■? 
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1 . (continued) 

- 1 to ctr. C; C =x - 3 
1/3 to MP 
reset ctr. O 
reset ctr. P 

x(x - l)(x - 2)/3! 
ctr.RtoMC 



X - 3 to MP 



x(x - l)(x - 2)(x - 3)/3! to F 

ctr. F to MC 

reset ctr. S 

- 1 to ctr. C; C =x - 4 

1/4 to MP 



x(x - l)(x - 2)(x - 3)/4! to ctr. S 
ctr. S to MC 



X - 4 to MP 



OUT 


IN 


MISC. 


SV 


C 


32 


SR 




7 








7 


P 


P 


(7) 










R 


7 


R 


761 


(7) 














C 




(7) 






















F 


7 


F 


761 


7 


S 


S 


7 


SV 


C 


32 


ss 




(7) 






















s 


7 


s 


761 


(7) 














c 




(7) 
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x(x - l)(x - 2)(x - 3)(x - 4)/4! to ctr. G 

ctr. GtoMC 

reset ctr. T 

- 1 to ctr. C; C =x - 5 

1/5 to MC 



x(x - l)(x - 2)(x - 3)(x - 4)/5! to ctr. T 
ctr. T to MC 

reset ctr. V 



x(x - l)(x - 2)(x - 3)(x - 4)(x - 5)/5! to ctr. H 
ctr. H to MC 
reset ctr. U 

1/6 to MP 



OUT 


IN 


MISC. 






















G 


7 


G 


761 


7 


T 


T 


7 


SV 


C 


32 


ST 




(7) 






















T 


7 


T 


761 


(7) 








V 


V 




C 




(7) 






















H 


7 


H 


761 


7 


U 


U 


(7) 








SU 




(7) 












■ 
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1 . (continued) 

x(x - l)(x - 2)(x - 3)(x - 4)(x - 5)/6! to ctr. U 

reset IC 

select interpolator I and step ahead 

f (a) to J, step ahead 

f (a) to V 

select interpolator I and step ahead 

f(a + w) to K, step ahead 

X to MC, step ahead 

f (a) to I 

- f (a + w) to J; J = - Af (a) 
Af(a) to MP 

select interpolator I 

f(a + 2w) to L, step ahead 

- f(a + 2w) to K; K = - Af (a + w) 
Af(a + w) to J; J =A2f(a) 

X Af(a) to I, select interpolator I and step ahead 
f(a + 3w) to M, step ahead 
x(x - l)/2! to MC, step ahead 

- f (a + 3w) to L; L = - Af(a + 2w) 
Af (a + 2w) to K; K = A^f (a + w) 
A^f (a) to MP 

- A2f (a + w) to J; J = - A^f (a) 
select interpolator I 

f (a + 4w) to N, step ahead 

- f(a + 4w) to M; M = - Af (a + 3w) 



OUT 


IN 


MISC. 










U 


7 






73 


85 




753 




J 


753 


J 


V 


7 


85 




753 




K 


753 


B 


761 


753 


J 


I 


7 


K 


J 


32 


J 




732 


85 




7 




L 


753 


L 


K 


732 


K 


J 


32 


85 


I 


753 




M 


753 


Q 


761 


753 


M 


L 


732 


L 


K 


32 


J 




7 


K 


J 


732 


85 




7 




N 


753 


N 


M 


32 
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1 ^ ^continusd^ 

x(x - l)/2! A%(a) to I, step ahead 

x(x - l)(x -2)/3! to MC 

Af (a + 3w) to L; L = A^f (a + 2w) 

- A^f (a + 2w) to K; K = - A3f (a + w) 
A^fCa) to MP 

A^f (a + w) to J; J = A%(a) 

select interpolator I 

f (a + 5w) to O, step ahead 

- f(a + 5w) to N; N = - Af (a + 4w) 

x(x - l)(x - 2)/3» A3f(a) to I, step ahead 
x(x - l)(x - 2)(x - 3)/4! to MC 
Af (a + 4w) to M; M = A^f (a + 3w) 

- A3f(a + 3w) to L; L = - A^f (a + 2w) 
A^f(a) to MP 

A^f (a + 2w) to K; K = A^f (a + w) 

- A%(a + w) to J; J = - A^f (a) 
select interpolator I 

f(a + 6w) to P 

x(x - l)(x - 2)(x - 3)/4| A^f(a) to I 

x(x - l)(x - 2)(x - 3)(x - 4)/5! to MC 

- f (a + 6w) to O; O = - Af (a + 5w) 
Af(a + 5w) to N; N - A^f (a + 4w) • 
A^f(a) to MP 

- A2f(a + 4w) to M; M = - A3f(a + 3w) 
A^f (a + 3w) to L; L - A^f (a + 2w) 

- A%(a + 2w) to K; K = - A^f (a + w) 



OUT 


IN 


MISC. 




I 


753 


R 


761 


7 


M 


L 


732 


L 


K 


32 


J 




732 


K 


J 


732 


85 




7 




O 


753 


O 


N 


32 




I 


753 


S 


761 


7 


N 


M 


732 


M 


L 


32 



J 




7 


L 


K 


732 


K 


J 


732 


85 




7 




P 






I 


7 


T 


761 


7 


P 


O 


732 





N 


32 


J 




732 


N 


M 


732 


M 


L 


732 


L 


K 

u_ 


732 
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1 . (continued) 

A^f (a + w) to J; J = A%(a) 

x(x - l)(x - 2)(x - 3)(x - 4)/4l A5f(a) to I 

x(x - l)(x - 2)(x - 3)(x - 4)(x - 5)/6! to MC 



A%(a) to MP 



product to I 



OUT 


IN 


MISC. 


K 


J 


32 




I 


7 


U 


761 


(7) 














J 




7 






















I 


7 
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/■f\ T* -. ^»ui^ r«-.r4o.4-o r^,Ar^eT iroiiiac nt o ■FiincHon fn-r a nprtain interval of the argument, the process 
«* ««i«„io«r,« tho TToiiioe r.f tho fimnHnn fnr a Rmaller interval of the areument is called sub- 
tabulation. 

(2) Subtabulation is carried out by differencing the given function, then either interpolating on these 
differences for the intervening functions or determining a new difference table for the smaller 
tabular interval from which to build the functions. 

(3) K interpolation is to be used, the selection of a particular formula should be determined by the 
following considerations: 

(a) formulae which proceed to constant differences are exact, 

(b) formulae which stop short of constant differences are not exact, but are approximate, 

(c) approximate formulae terminating in the same difference are identical, 

(d) approximate formulae terminating in distinct differences of the same order are not iden- 
tical, 

(e) central difference formulae terminating in a mean difference of order r are more exact 
than formulae which terminate in a single difference of order r. 

(4) For purposes of machine computation, the central difference formulae are usually more con- 
venient. In particular, to subtabulate to tenths, the Newton-Bessel central difference formula 
is well adapted to madiine computation. See note (6) of the previous section. 

If y(x + d) is the desired value of the function (0 < d < h and ^ '^ ^j, ~ ^^^ _ i^ 
y(xQ + d) = AjjCy^ + y^) + A^&Jq + AjCa y.^ + a y^) 

+ A3A^y_^ + \i^S_2 + ^"^y-l^ ■" AgA^y.g 

+ Ag(A6y_3 + A^y,) + A^'^y^ + Ag(A8y_^ + ^^3^ "^ - 

This form of the Newton-Bessel formula has the following advantages: 

(a) the A- are short, terminating decimal fractions, thus reducing multiplication time and 
elimiiating errors arising from non-terminating coefficients, 

(b) the values of the function for d/h = 0.6, 0.7, 0.8, 0.9 can be evaluated directly from the 
computations for d/h = 0.4, 0.3, 0J2, 0.1, respectively, by appropriate reversals of sign, 
thus almost halving the number of mxiltiplications required, 

(c) every second term in the function is zero when the value of the function for the half interval 
d/h = 0.5 is computed. 

(5) The numerical values of the Aj , for i = through 8, are given in Table 1. 

(6) The Newton-Bessel formula should never be used without a careful examination of the error 
introduced by neglecting the remainder. For references on this, see Bibliography, Subtabu- 
lation. 

(7) The error due to the neglect of the remainder does not include the errors inherent in machine 
computation; 8^., cutting off digits in products. These errors must be evaluated for the par- 
ticular problem. 
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(8) Table 2 gives an example of the high accuracy which can be obtained usii^ the Newton- Bessel 
formula as given in note (4). In Table 2 the correct values of the function are given to 23 
places of decimals, eighth differences were used, ten values of the function from 7.94 to 8.04 
were used to subtabulate. The maximum error is but a few units in the 23rd decimal place. 



TABLE 1 


d/h 


0.1 


0.2 


0.3 


AO 


0.5 


0.5 


0.5 


Al 


-0.4 


-0.3 


-0.2 


A2 


-0.022 5 


-0.04 


-0.052 5 


A3 


0.006 


0.008 


0.007 


A4 


0.003 918 75 


0.007 2 


0.009 668 75 


A5 


-0.000 627 


-0.000 864 


-0.000 773 5 


Ae 


-0.000 795 506 25 


-0.001 478 4 


-0.002 001 431 25 


A7 


0.000 090 915 


0.000 126 72 


0.000 114 367 5 


As 


0.000 171744 117 187 5 


0.000 321 024 


0.000 436 383 492 187 5 


d/h 


0.4 


0.5 


Ao 


0.5 


0.5 


Al 


-0.1 


The Aj, i odd, equal zero for d/h = 0.5 . 


A2 


-0.06 


-0.062 5 


A3 


0.004 




A4 


0.011 2 


0.011 718 75 


A5 


-0.000 448 




Ae 


-0.002 329 6 


-0.002 441 406 25 


A? 


0.000 066 56 




As 


0.000 509 184 


0.000 534 057 617 187 5 


d/h = 0.6 


The Agjj, k = 0, 1, 2, 3, 4, are identical with the corresponding values for d/h = 0.4 . 


The Agjj ^j,k = 0, 1,2,3, are the negatives of the corresponding values for d/h = 0.4 . 


d/h = 0.7 


The Agjj, k = 0,l,2,3,4, are identical with the corresponding values for d/h = 0.3 . 


The Agjj ^j^,k = 0, 1,2,3, are the negatives of the corresponding values for d/h = 0.3 . 


d/h = 0.8 


"^^^ ^2k' ^ = 0» 1» 2, 3, 4, are identical with the corresponding values for d/h = 0.2 . 


The A21J ^i,k = 0, 1,2, 3, are the negatives of the corresponding values for d/h = 0.2 . 


d/h = 0.9 


The A2k, k = 0, 1, 2, 3, 4, are identical with the corresponding values for d/h = 0.1 . 


The Agj^ ^ J, k = 0, 1, 2, 3, are the negatives of the corresponding values for d/h = 0.1 . 
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TABLE 2 


X 


Correct Value of f(x) 


Subtabulated Values of f (x) 


7.980 
7.981 
7.982 
7.983 
7.984 


1.763 147 388 660 678 723 1763 
1.760 829 249 550 966 677 1468 
1.758 509 640 161 486 144 7192 
1.756 188 562 959 490 626 2892 
1.753 866 020 413 355 311 2638 


1.763 147 388 660 678 723 1763 
1.760 829 249 550 966 677 1464 
1.758 509 640 161 486 144 7188 
1.756 188 562 959 490 626 2887 
1.753 866 020 413 355 311 2633 


7.985 
7.986 
7.987 
7.988 
7.989 


1,751 542 014 992 574 599 4059 
1.749 216 549 167 759 621 3753 
1.746 889 625 410 635 758 4682 
1.744 561 246 194 040 161 5585 
1.742 231 413 991 919 269 2417 


1.751 542 014 992 574 599 4057 
1.749 216 549 167 759 621 3753 
1.746 889 625 410 635 758 4683 
1.744 561246 194 040 1615586 
1.742 231 413 991 919 269 2418 
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INVERSE INTERPOLATION 



(1) The values of an argument in arithmetical sequence and the corresponding values of a function 
are given in tabular form. Inverse interpolation is the process of finding the value of the argu- 
ment corresponding to a value of the function intermediate between two tabular values. 

(2) The inversion of a functional table may conveniently be accomplished by iteration. One of sev- 
eral iterative procedures is the following: 

Let f(x) be a function tabulated for equal intervals of x. It is desired to retabulate this function 
for equal intervals h of the variable y. 



Assume that 



,-1 



x_2 = f (yo - 2h) 



and 



x_i = r'(yo - h) 



are two values of x previously found to correspond to (y^ - 2h) and (y^ - h). It is required to 
find " 



Xn = f"'(yn) . 



(1) 



A first approximation xi^^ to Xq may be found from 



^y^ = x_j + kh 



where 



k = 



- x 



.(2) 



A second approximation x^'*^ to Xq may be found by first computing 



yd 



(1) 



-U'] 



by direct interpolation. If a polynomial interpolation tape for use in direct interpolation is not 
available, difference interpolation may be used here. Then 



L J 



Successively better approximations to x^ may be found by the repeated application of the last 
two equations . 



1, In the following example, the tape for direct interpolation is on interpolator HI. Switch P 

ita; 



contains 1/h and y-, is in ctr. A. Ctr. C contains x_j and ctr. D contains x «. Ctrs. B, 
E, F and G are available for computation of x (2). ' "^ 



reset ctr, E 



X to ctr. E 



- X , to ctr. E; E = kh 



OUT 


IN 


MISC. 


E 


E 


7 


C 


E 


7 


D 


E 


732 
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1. 


^conunuea; 








kh to MC 






x_j to E; E = x^^) 






reset ctr. F 






1/h to MP 






reset ctr. B 






reset ctr. G 






y„ to ctr. G 
u 






kh/h to ctr. F; F = k 






read x ■ to inter"ol2.tor III and coir 


^Pute y (1) = f 


1(1)' 
. 



ctr. B = y^^) 



k to MC 



(1) 



- y^ ' to ctr. G; G = y^ - y^ 



y^ - y^^^ to MP 



(1) 



[^o-f] 



to ctr. E; E = X 



= v(2) 







OUT 


IN 


MISC. 


E 


761 


7 


C 


E 


7 


F 


F 




P 




7 


B 


B 


7 


G 


G 


7 


A 


G 






F 


7 


E 


76542 








62 


841 






E 


763 






B 


73 






7 


F 


761 


7 


B 


G (7)32 

1 








G 




(7) 






















E 


7 



(3) The tabxilar interval h of the function must be examined in order to determine the rapidity of 
convergence before using this iterative process. 
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CARD FEEDS 



(1) Before a problem involving card feeding is started, the feeds must be coupled to the machine. 
They should be imcoupled when the problem does not involve card feeding. 

(2) Cards are fed under an automatic control which will light a red light and stop the machine if the 
cards run out, or if a card jam occurs. In order to use the card feed automatic safety control, 
the switch on the card feed control panel must be thrown to the On position. When cards run 
out, this switch mtist be thrown to the Off position in order to restart the machine. 

(3) Card feeds may only be iised to read into counters, not into functional xmits. 

(4) The read-out of a niunber from a card feed may not be inverted. Negative numbers should be 
punched as complements on nine. 

(5) By plugging, numbers may be shifted to the right or left. If numbers are shifted to the left, 
negative numbers should either be punched as complements on 10 or sufficient nines should be 
pltj^ed to the right. If numbers are shifted to the right, negative numbers require sufficient 
nines plugged to the left. Plugging from any of the eighty card columns into any buss column is 
possible. See Plugging Instructions. 

(6) The card feeds may not be used in interposed operations during multiplication or division. 

(7) If a control tape is coded to use card feed I, card feed II may be used by throwii^ the card feed 
reverse switch. A similar comment holds for card feed n. The plugging is not carried over 
by the switch. 

(8) It is frequently necessary to check decks of cards to see that a certain group is used in a cer- 
tain run, to see that cards are in their proper order and that cards from the two feeds are 
properly paired or grouped. Serial numbers are used to denote the order of groups of cards. 
Classification numbers usually follow serial numbers and denote the order of cards within the 
group. If classification and serial numbers are punched in the cards, the classification numbers 
may be checked through the automatic check counter. The serial numbers may be checked 
against a value tape, an accumulation counter or another deck of cards. 

(9) All decks of cards should be clearly labeled with the run in which they are to be used, the feed 
in which they are to be placed and necessary information about their classification and serial 
numbers. 



1. Read out of card feed I into ctr. A. 



2. Read out of card feed II into ctr. A. 



3. Read out of card feed I into print ctr. I and print. 



4. Read out of card feed II into punch ctr. and pvmch. 



OUT 


IN 


MISC. 




A 


7632 






A 


76321 






7432 


632 




752 


7 






753 


6321 






75 
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5. Read successive cards out of card feed I into print ctr. I 
and print. 



OUT 


IN 


MISC. 




■7432 


632 




752 


6 




7432 


632 




752 


6 



(10) If necessary, the blank Out column of the card feed coding may be used to select a value tape 
from which the value is read on the next line, or to turn on or off typewriters. 



6. Read out of card feed I into ctr. A. Select the value tape 
on interpolator I and read the value to ctr. B and step the 
tape. 



OUT 


IN 


MISC. 


85 


A 


7632 




B 


753 



7. Read out of card feed I into ctr. A. Turn on typewriter II. 



871 


A 


7632 
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(1) Before a problem involving piinching is started, the punch cable connection must be closed. 
This connection should be open when the problem does not involve punching to allow for manual 
punching. 

(2) Cards are fed into the punch under an automatic control such that lack of a card in pimching 
position will automatically stop the machine. This control operates with the codes 753 in the 
In column and 51 in the Miscellaneous column, stopping the machine on the line following these 
codes. If a card jam occurs, the direct current should be turned off and a card placed in pimch- 
ing position. The machine may then be started and the computation continued. Since this control 
may stop the machine, the codes 753 in the In column and 51 in the Miscellaneous column must 
not be interposed in multiplication or division. 

(3) Nimibers may be shifted to the right or left by suitable plu^ng. See Plugging Instructions. 

(4) Negative numbers are pimched as complements on nine. 

(5) Since the punch counter has a complete set of carry controls, including end aroimd carry, 
quantities may be accumulated in it. It may be read into as into any storage counter except 
that its read-in code is automatic, must not be followed by a 7 in the Miscellaneous column and 
may be interposed in multiplication or division only when the coding is specially arranged. 

(6) If a half pick-up is desired on values punched in cards, see Multiple In-Out Counter. 

(7) Two piuiching operations are available. In the first, the punching operation is completed before 
the machine starts the next operation, and in the second, the machine starts the next operation 
as soon as pimching is initiated. 

(8) Ten cycles for punching must intervene between the start of one punching operation and the in- 
itiation of another. Hence if it is necessary to perform a succession of punching operations, 
the "punch and complete pimching" code must be used. 

(9) In the operating instructions of any problem it should be stated how cards pimched are to be 
labeled and stored. 



1. Read the quantity in sw. or ctr. A into punch ctr. If no card 
is in punching position the machine will stop on the next 
line of coding. 

2. Read minus the quantity in sw. (except IVS) or ctr. A into 
the punch ctr. 



OUT 


IN 


MISC. 


A 


753 





A 


753 


32 



3. Read minus IVS to the pimch ctr. 



8431 


753 


21 



4. Punch out the niunber lying in the punch ctr. Start next 
operation before punching is completed. 



or 







5 






75 



5 . Punch out the number lying in the punch ctr . and complete 
punching before starting next operation. 







51 
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6. Reset the pxrnch ctr. 



7. Read out of the punch ctr. 



8. Punch out the quantity lying in sw. or ctr. A. 



9. Accumxilate the quantities lying in sws. or ctrs. A, B, C 
and D and punch out the sum. 



10. Punch successively the quantities lying in sws. or ctrs. 
A and B. 



OUT 


IN 


MISC. 


843 








863 








A 


753 








75 




A 


753 




B 


753 




C 


753 




D 


753 








75 




A 


753 








51 


B 


753 








75 



nn\ ThP blank Out and In column of the line of coding initiating punching may be used to code any 
^ ^ ooeratio^ not requir ng an operational code in the Miscellaneous column. The code which m- 
Ss punching may ^ot be combined with the invert code or any other operational code m 
infMli^Clls cJlumn. That is. the 5 or 75 in the Miscellaneous column initxatmg punching 
may" b^Tnserted in any Miscellaneous column not already containing an operauonax coae ota^r 
than 7, 

(U) The blank Miscellaneous column of the line of coding reading into the punch counter (if not 

^ ^ Led for an invert or other such operational code), may be used to code the steppmg of a tape 

on an interpolator. 



11. Print and punch the quantity in sw. or ctr. A. Type- 
writer I. 



OUT 


IN 


MISC. 


A 


753 




A 


7432 






752 


75 
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12, Multiply sw. or ctr. A by sw. or ctr. B. Deliver the 
product to ctr. C. Punch out the quantity standing in 
the punch ctr. Turn off typewriter I. 



or 



or 



13. Multiply minus sw. (except IVS) or ctr. A. by the ab- 
solute value of ctr. B. Deliver the product to ctr. C 
and punch out the quantity in the punch ctr. Turn on 
typewriter I. 



14. Multiply minus sw. (except IVS) or ctr. A. by sw. or 
ctr. B. Deliver the product to ctr. C, punch out the 
quantity in the punch ctr. and step and read the value 
from the tape on interpolator I to ctr. D. Turn on 
tjrpewriter n. 



15. Pimch the quantity in sw. or ctr. A, print it with half 
pick-up on typewriter I, multiply minus sw. (except 
IVS) or ctr. B by ctr. A, deliver the product to ctr. C, 
step the value tape on interpolator II three times, and 
read the value to ctr. D. 



OUT 


IN 


MISC. 


A 


761 


5 


B 






8732 


C 


7 


A 


761 




B 




5 


8732 


C 


7 


A 


761 




B 






8732 


C 


75 




A 


761 


32 


B 




2 


872 


C 


75 




A 


761 


32 


B 




5 


85 


C 


753 


871 


D 


7 




A 


753 


531 


B 


761 


32 


A 


7432 


531 




76543 


531 




752 


5 


851 


C 


7 




D 


7 



(12) In order to check the values punched in cards, summations of the quantities ptmched may be 
employed. Suppose fix^) is computed and punched, the quantities f (x ) are accumulated in the 
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machine and the summations printed out. 

The difference 

k k - 1 

E tix.) - E f(x ) =i{5Err 

^ ^ ^ 



is computed and subjected to a check procedure. 

The cards are later summed on a tabulator or fed to the machine and summed. If the inde- 
pendent summations are compared, this process insures that f (xj^) has been correctly punched. 
Note that if the check is made directly on f(xjj) as computed, the cards are not checked since 
the read-outs to the accumulation and punch counter could be incorrect, 

(13) Cards may be punched containin*' a function in the first n card columns and a code number in 
the last columns of the card. After the first n columns are punched, a duplicating card and 
skip bar control the punch. The punch counter resets and the code number is added into the 
punch counter. The code number is then punched in the columns fixed by the skip bar. 

16. Pimch the 24 columns of the function f(x) standing in ctr. A in card columns 1-24. Punch 
the code number accumulated in ctr. E from ctrs. B, C and D in card columns 70, 73, 74, 
75, 76 and 79. The duplicating card contains an R in column 25. The punch is plugged as 
shown below. 

PUNCH MAGNETS 



/ 






10 

8 C 8 9 



o o 



o o 



V 



2A 



r* 



25 30 

lOOOO 0000 



2B 



» •-•-•I • ' • 



45 





50 





~65 \ '^5<^ 

o o o o ^ r''''^-* 



COMP MAG OR CTR 



4A 



4B 



15 



20 



M ? 



35 



55 





40 
o ol o o 



75 



TOT EXIT 0R| MS 
6A 



o o 



40N 



60 
o o 

80 



IN 



6B/ 



_^?j. 



OOOO 0000 oooo 







reset ctr. E 

accumulate the code number in ctr. E 



OUT 


IN 


MISC. 


E 


E 


7 


B 


E 


7 


C 


E 


' 



Continued on next page 
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16. (continued) 

f(x) to punch ctr. 
punch out f (x) 
code number to punch ctr. 
punch out code number 



OUT 


IN 


MISC. 


D 


E 


7 


A 


753 








51 


£ 


753 








51 
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(1) The decimal point, vertical spacing, horizontal spacing, half pick-up and argument control all 
require plugging ^ See Plugging Instructions. 

(2) The typewriters should be turned on at least two cycles before they are required to print. The 
typewriters may be turned off as soon as printing operations are completed; i.e., 20 to 23 
cycles after the initiation of the last print or immediately after a "print and complete printii^" 
code. 

(3) There are three parts of the printing operation, the read-in to the print counters, the half pick- 
up which may be used or not as desired and the initiation of the printing operation. 

(4) Negative numbers may be printed as such or as complements on nine if the print complement 
switch is thrown. 

(5) Since the print coimters have complete sets of carry controls includii^ end around carry cir- 

except their read-in codes are automatic and must not be followed by a 7 in the Miscellaneous 
column. 

(6) Two printing operations are available. In the first, the printii^ operation is completed before 
the machine starts the next operation, and in the second, the machine starts the next operation 
as soon as printing Is Inltiateid. 

(7) The operation "print and complete printing" must not be interposed in multiplication or division. 

(8) Approximately 23 cycles for printing must Intervene between the start of one printing operation 
and the beginning of another. Hence If It Is necessary to perform a succession of printing 
operations, the "print and complete printing" code must be used. See Timing. 

(9) The half pick-up may be used if a number Is to be rounded off to fewer digits than the machine 
capacity. Its effect is to add one in the lowest order column retained if the next lower column 
contains five or more. Act'jally the half pick-up adds or subtracts five in the column to which 
It Is plvigged, In the print counter for which It Is coded, according as the number In the print 
counter Is positive or negative, A half pick-up may also be added In from a switch imder con- 
trol of counter 70, See Choice Counter, 

(10) If a control tape Is coded to use print counter I and typewriter I, print coimter 11 and typewriter 
n may be used by throwing one of the t3rpewrlter reverse switches. A similar comment holds 
for typewriter 11. Note that this does not change over the half pick-up which is not reversed 
and continues to add Into the print coimter for which It Is coded . 

(11) Numbers from print counter I may only be printed on typewriter I, Numbers from print counter 
n may only be printed on tsrpewrlter n. 

(12) There Is available a special control on printing, the "argument control", which will cause the 
typewriter not to print zeros to the right of the point to which It Is pli^ged. This code, an 87 
In the Out colvunn, Is placed on the line of coding Initiating printing. 



1 . Turn on typewriter II . 



2. Turn on tj^ewriter I. 



OUT 


IN 


MISC. 


871 








872 
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3. Turn off tjrpewriter n. 

4. Turn off typewriter I. 



OUT 


IN 


MISC. 


8731 







8732 







5. Read the quantity in sw. or ctr. A to print ctr. I. 



A 


7432 





6. Read minus the quantity in sw. (except IVS) or ctr. A 
to print ctr. I. 



A 


7432 


32 



7. Read minus the quantity in IVS to print ctr. I. 



8431 


7432 


21 



8. Read the quantity in sw. or ctr. A to print ctr. II, 



A 


74321 





9. Read minus the quantity in sw, (except IVS) or ctr, A 
to print ctr. n. 



A 


74321 


32 



10. Reset print ctr. I. Cannot be used while either typewriter 
is printing. 



842 







11. Reset print ctr. II. Cannot be used while either typewriter 
is printing. 



8421 







12. Read out of print ctr. I. 



862 







13. Read out of print ctr. n. 



8621 







14. Multiply sw. or ctr. A by sw. or ctr. B and deliver the 
product to print ctr. I. 



A 


761 




B 








7432 





15. Print the quantity in print ctr. I on typewriter I and com- 
plete printing before starting other operations. 





752 


6 
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16. Print the quantity in print ctr. n on typewriter II and com- 
plete printing before starting other operations. 



OUT 


IN 


MISC. 




7521 


6 



17. Print the quantity in print ctr. I on typewriter I and 
start other operations. 





752 


7 



18, Print the quantity in print ctr. II on typewriter II and 
start other operations. 





7521 


7 



19. Read the quantity in sw, or ctr, A to print ctr. I and 
print on typewriter I. 



A 


7432 






752 


7 



20. Read minus the quantity in sw. (except IVS) or ctr. A 
to print ctr. n and print on typewriter II. 



A 


74321 


32 




7521 


7 



21. Print the quantity in print ctr. I on typewriter I omit- 
ting zeros to the right. 



87 


752 


7 



22. Print the quantity in print ctr. II on typewriter n 
omitting zeros to the right. 



! 1 1 1 

1 87 17521 1 7 I 

I I I I 



23. Add half pick-up to print ctr. I. 





76543 





24. Add half pick-up to print ctr. II. 





765431 



25. Print the quantity in sw. or ctr. A with half nick-u 
on typewriter I. 



A 


7432 






76543 






752 


7 



26. Print minus the quantity in sw. (except IVS) or ctr. A 
with half pick-up on typewriter II. 



A 


74321 


32 




765431 






7521 


7 
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27. Multiply sw, or ctr. A by sw. or ctr. B. Deliver the 
product to print ctr. I and print. 



OUT 


IN 


MISC. 


A 


761 




B 








7432 






752 


7 



28. Step and read the value from the tape on interpolator I 
to print ctr. I and print. 



85 




753 




7432 






752 


7 



29. Print successively the quantities lying in sws. or ctrs. A 
and B on typewriter I. 



A 


7432 






752 


6 


B 


7432 






752 


7 



30. Print the quantity lying in sw. or ctr. A on typewriter I 
and the quantity in sw. or ctr. B on typewriter II. 



A 


7432 






752 


6 


B 


74321 






7521 


7 



31. Multiply sw. or ctr. A by sw. or ctr. B. Deliver the 
product to ctr. C and print B on typewriter I with 
half pick-up. 



A 


761 




B 


7432 






76543 






752 






C 


7 



(13) The blank Miscellaneous column of the lines of coding reading into the print counter (if not 
used for an invert or other such operational code), reading in the half pick-up, or initiating 
printing, may be used for punching or stepping an interpolator. 

^^^^ I^L^int ^"^ r^r"" °/ ^f ""f °^ "^"^^^"^ ^^^^^"S ^" ^^^ ^^ Pi^k-^P o^ initiating printing may 
be used to select a value tape from which the value is read on the next line. 
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32. Print the quantity in sw. or ctr. A with half pick-up. Step 
the tape on interpolator HI back three times and read the 
value to ctr. B. 



33. Multiply minus ctr. A by the value from the tape on in- 
terpolator n after stepping ahead once, deliver the 
product to ctr. C, print the quantity in sw. or ctr. B with 
half pick-up, and punch out the quantity in the punch ctr. 



34. Punch and print with half pick-up the absolute value of 
the quantity in ctr. A on typewriter I, multiply it by minus 
sw. or ctr. B and deliver the product to ctr. C. 



OUT 


IN 


MISC. 


A 


7432 


542 




76543 


542 


852 


752 


7542 




B 


7 




A 


761 


732 


B 


7432 


5 


OC1 


76543 


531 




752 






C 


7 




A 


753 


2 


A 


761 


72 


A 


7432 


2 




76543 


c 
■J 


B 


752 


32 




C 


7 



(15) Printed data may be checked by printing quantities on both typewriters or by simultaneously 
printing and punching and later checking the punched cards against the printed results. 

(16) Quantities or groups of quantities may be printed simultaneously on both typewriters. This 
requires special wiring in the machine and that the typewriters be plugged identically, except 
for the read-out control. It is necessary to read into both print counters, but only one code to 
initiate printing need be used, since the wiring "gangs" the codes 752 and 7521. 

(17) As an added precaution for greater accuracy of the typewriters, half-time printing may be used. 
For half-time printing omy every ouier cuiuum ocicv^tiun h^«b»«w .- j,.^^,^.,^ _ _ -.p.. „ — . — 
print counter read-out. The intervening plughubs are left blank or may be filled by the argu- 
ment control, the decimal point or spaces if desired. This may be of particular advantage when 
printing on both typewriters at the same time, if the column selection plughubs of the two type- 
writers are plugged alternately and provided that the number of digits in each printed quantity 
is small enough. See Plugging Instructions. 

(18) When there are manyprints in a computation, so that it is desired to print as rapidly as possible, 
the code 76 in the Miscellaneous column may be used instead of the usual 7 or 6 with 752 or 
7521. This will allow other operations to be interposed during the printing time, but does not 
perm'it a print to be initiated until the previous print is completed. As in other interposed oper- 
ations, the automatic (7 in the Miscellaneous column) must be omitted from the last interposed 
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(1) It is possible under specialized codings for the machine to choose the time at which certain 
operations will be performed. This possibility of a choice is inherent in the nature of the auto- 
matic codes controlling the functional units. In particular, the choice of the time at which the 
product is read out makes it possible to interpose in multiplication and division certain codes 
which may stop the machine. 

(2) The check procedure and the read-in to the punch coimter may be interposed in multiplication 
or division only when the coding is specially arranged. This special coding prevents the loss 
of the multiplication or division if the check fails or if there is no card in punching position. 
The saving of time is but two cycles, but if checking and punching are frequent operations in a 
tape, the time saved may become proportionately large per revolution. The coding must be 
used with extreme caution. 

(3) It is necessary to code the read-in to the punch counter or the check procedure immediately 
before the read-out of the product and to duplicate the product read-out. The first coding of 
the product-out must not have a 7 code in the Miscellaneous column. If the procedure fails, 
the machine stops on the first product-out. The automatic from the completed multiplication 
will cause the sequence mechanism to read the first product-out line. The product will be de- 
livered to the designated storage counter. The sequence mechanism will step to the next line 
of coding and stop, since there was no Miscellaneous 7 on the product-out line. It should be 
noted that if there were a Miscellaneous 7 on the product-out line, the machine would continue 
operation as if the check had not failed. If the check or punch read-in does not fail, the auto- 
matic from the procedure will cause the sequence mechanism to read the first product-out as 
if it were the last line of interposed coding and step to the next line. No transfer will take place 
since there is no code in the Out column. The automatic from the completed mvdtiplication will 
cause the sequence mechanism to read the second product-out line which has a 7 in the Miscel- 
laneous column, the product will be delivered to the designated storage counter and the machine 
will continue operation. 



1. 



Multiply the quantity in sw, or ctr. A by the quantity in 
sw. or ctr. B and deliver the product to ctr. C. Interpose 
a read-in from ctr. D to the punch ctr. Lines reading 
(blank, blank, 7) or (blank, blank, blank) may be used for 
interposed operations. 



OUT 


IN 


MISC. 


A 


761 


7 






7 








B 




7 






7 






7 


D 


753 






C 






C 


' 



2. 



Multiply the quantity in sw. or ctr. A by the quantity in 
sw. or ctr. B and deliver the product to ctr. C. Interpose 



761 






Continued on next page 
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2 , (continueu; 

a check of the quantity in ctr. D against the tolerance in 
sw. W during the multiplication. Lines reading (blank, 
blank, 7) or (blank, blank, 64) may be used for interposed 
operations . 



OUT 


IN 


MISC. 






7 


74 


74 




B 




7 


SW 


74 


7 


D 


74 


71 






64 




C 






C 


7 



3. Multiply the quantity in sw. or ctr. A by the quantity in 
sw. or ctr. B and deliver the product to ctr. C. Interpose 
a "ganged" print from ctrs. B and E and a check of the 
quantity in ctr. D against the tolerance in sw. W during 
the multiplication. 



A 


761 


7 


74 


74 


7 


SW 


74 




B 


74321 




E 


7432 




D 


74 


71 




752 


64 




C 






C 


7 



(4) If both the read-in to the punch counter and the check procedure are to be interposed, there must 

1 4- 1 *■ *«,« .,^«_»o^r. Hicritc in oithpr thp ndA or the even columns of the multiplier. The 

product-out line of coding must appear three times. First, immediately after^ the check pro- 
cedure, it appears with a 7 in the Miscellaneous column; secondly, immediately after the rcad=in 
to the punch counter, it appears without a 7 in the Miscellaneous column; thirdly, in the following 
line, it appears with a 7 in the Miscellaneous column. 

If the check procedure fails, the machine will stop on the first product-out line. The automatic 
from the completed multiplication will signal the sequence mechanism to read this first product- 
out line and step to the next. The product will be delivered to the designated storage counter. 
The 7 in the Miscellaneous column will order the sequence mechanism to read the next line of 
coding and step to the next. There will be a read-in to the punch counter. The automatic from 
the punch counter read-in will order the sequence mechanism to read the next line. This line 
(blank, C, blank) will effect no transfer and the sequence control will remain on the last line of 
coding. 
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(5) 



If there is no card in punching position, the machine will stop on the second product-out line. 
The automatic from the completed multiplication will signal the sequence mechanism to read 
the second product-out line and step. The product will be delivered to the designated storage 
coxmter and the machine will remain on the last line of codii^. 

If the check fails and there is no card in punching position, the machine will stop on the first 
product-out line. The automatic from the completed multiplication will signal the sequence 
mechanism to read the first product-out line and step. The product will be delivered to the 
designated storage counter. The 7 in the Miscellaneous column will order the sequence mecha- 
nism to read the next line of coding and step. Since there is no card in pimching position, the 
sequence mechanism will remain on the second product-out line. 

If neither the punch coimter read-in nor the check procedure fails, the automatic from the 
check will cause the sequence mechanism to read the first product-out line as if it were merely 
a line of interposed coding. No transfer will take place, since there is no code in the Out 
column. The 7 in the Miscellaneous column will order the sequence mechanism to read the 
next line of codingand step. There will be a read-in to the pimch counter. The sequence mecha- 
nism will read the second product-out as if it were the last line of interposed coding. No 
transfer will take place since there is no code in the Out column. The automatic from the 
completed multiplication will cause the machine to read the third product-out line. The product 
will be delivered to the designated storage coimter. The machine will continue operation. 

Similar codings may be applied to division. There will of course be more interposed lines 
during the division, and the check or punch procedure will immediately precede the read-out of 
the quotient. 



4. 



5. 



Mxiltiply the quantity in sw. or ctr. A by the quantity in 
sw, or ctr. B and deliver the product to ctr. C. Interpose 
a check of the quantity in ctr. E against the tolerance in 
sw. W and a read-in from ctr. D to the pimch ctr. Line 
reading (blank, blank, 64) may be used for an interposed 
operation. 



Divide the quantity in ctr. A by the quantity in ctr. B 
and deliver the quotient to ctr, C. Division must be 
plugged to at least ten digits. Interpose a check of 
the quantity in ctr. E against the tolerance in sw. W 



OUT 


IN 


MISC. 


A 


761 


7 


74 


74 


7 


SW 


74 




B 




7 


E 


74 


71 






64 ■ 




C 


7 


D 


753 






C 






C 


75 




B 


761 


7 


74 


74 


7 



Continued on next page 
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and a read-in from ctr. D to the punch ctr. Lines reading 
(blank, blank, 7) and (blank, blank, 64) may be used for 
interposed operations. 



OUT 


IN 


MISC, 


SW 


74 




A 




7 






7 






7 






7 






7 






7 






7 


E 


74 


71 






64 




C 


7 


D 


753 






C 






C 


75 
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CHAPTER V 

PLUGGING INSTRUCTIONS 

"One deviates to the right, another to the left; the error is the same with all but it 
deceives them in different ways." Horace. 

Once the tapes necessary to the solution of a problem have been prepared, the appropriate 
switches set and the plugging completed, the calculator may be started. The machine will then con- 
tinue in operation, hour after hour, completely checking its own results until either the problem has 
been solved or until a breakdown occurs. Experience has shown that the calculator will operate 
approximately ninety percent of the time without failure of any kind, and on occasion has run as long 
as four weeks without interruption. At such times it is necessary for the operator only to exercise 
minor supervision such as checking the bearing temperatures, keeping the typewriters supplied with 
paper and the feeds with cards. However, the accuracy of all computed results is dependent not only 
upon the accurate operation of the calculator itself but also upon the accuracy with which the manual 
adjustments were made prior to starting the problem. Herein lies the only opportunity for error 
which is not automatically checked by the machine itself. The calculator is far more nearly infallible 
than the personnel in charge of its operation. The setting of the switches and the plugging of the 
functional units provide the two possible sources of human error. It cannot be too strongly emphasized 
that these two operations must be carried out with the greatest of care and thoroughly checked before 
a problem is started. For example, if two neighboring wires in the typewriter plugging are inter- 
changed, two digits in the printed results will be interchanged. The entire computation will have been 
automatically checked by the calculator, but the results will be incorrectly printed. If two card feed 
plugwires are interchanged, the calculator will compute on incorrect input data, check its computation 
and the error will not be detected. It is essential therefore that the plugging be checked by reading 
in known values, such as diagonal numbers, and printing them out before a computation is begun. 

The plugging of a particular unit, though tedious, is not difficult once the underlying principles 
and the labeling of the plugboards are understood. In order to simplify the plugging diagrams, a 
wiring convention will be employed. Whenever n successive plughubs in any one row of the plug- 
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board are to be plugged in one to one correspondence with n other plughubs in another row, the n 
plugwires will be represented by a single connection as shown in the following diagram. 

o o o o o •— • 








OOOttt •••00 

Actual wiring 



o o o 



o o 



Convention 



For convenient reference the plugging instructions have been divided into sections correspond- 
ii^ to the various units of the machine and to the sections of the chapter on coding. 



Section 


Page 


Section 


Page 


Multiplication 


247 


Sine Unit 


258 


Division 


249 


Interpolators 


262 


Logarithm In-Out Counter 


251 


Card Feeds 


272 


Sine In-Out Counter 


252 


Card Punch 


274 


Logarithm Unit 


254 


Printing 


275 


Exponential Unit 


256 


Sample Plugging 


281 
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MULTIPLICATION 



(1) The multiply unit requires plugging for the read-out of the PQ counter into the buss, 

(2) If the operating decimal point of the machine lies between columns n and n + 1, the decimal 
point of the PQ counter lies between columns 2n and 2n + 1. From the PQ counter, 23 columns 
and the algebraic sign are read into the buss (P-OUT plughubs). The P-OUT plughubs are so 
plugged that the decimal point of the quantity standing in the PQ counter is shifted to conform 
with the operating decimal point; i.e., 

2n + 1st plughub of PQ to n + 1st plughub of P-OUT, 
2nth plughub of PQ to nth plughub of P-OUT, 
sign plughub of PQ to 24th plughub of P-OUT. 

The plugging is continued to the right and left until the P-OUT plughubs are filled. 

(3) The PQ counter plughubs lie in rows 2 and 3 of the MP-DIV plugboard. The P-OUT plughubs 
lie in the 4th row of the same board. The sign plughub of the PQ counter is the 24th plughub in 
the 3rd row. 

1. Plug the multiply unit for operating with the decimal point between columns 15 and 16. 



Row 2 



25 



Row 3 o 



^sign 



20 



00000 00000 00000 PQ CTR 
15 10 5 



Row 4 o 



(»000 00000 

46 45 


O •—9- 

40 


-• • • • ( 

35 


•— • 9 9 9 9 

30 


. . . . . . i~7 . . . 1 



24 



20 



15 



10 



PQ CTR 
P-OUT 



(4) The omission of plugging to some of the low-order P-OUT plughubs increases the speed of com- 
putation at the expense of accuracy, since fewer non-zero digits are carried to the next step in 
the computation. 

2. The operating decimal point lies between columns 19 and 20. Plug the multiply unit to read 
no more than twelve decimal places from the PQ counter. 



Row 2 00000 00000 ooooo ooooo 00000 PQ CTR 

25 20 15 10 5 -^ • 

'^sign 

Row 3 ofooo ooo»- 

46 45 



Row 4 o • 



40 



35 



30 



o PQ CTR. 



24 



20 



15 



10 



ooooo P-OUT 
5 



(5) For high accuracy computation, the operating decimal point is assumed to lie between columns 
23 and 24. 
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^ "Dlnor flip iyiuHtt^^v nnif fm* hiorh Qf»f»iirar»ty pmnnnfofio" 



Row 2 



Row 3 



Row 4 







25 
^sign 
o • o o 

o i •— •- 





20 



o o o o o 
15 



o o o o o 
10 





5 



46 45 



40 



35 



30 



JT 



PQ CTR. 
PQ CTR. 
P-OUT 



24 



20 



15 



10 



(6) Table 1 shows the necessary plugging for the read-out from the PQ counter to the buss (P-OUT 
plughubs) for each position of the operating decimal point. The number at the top of each column 
refers to the P-OUT plughub. The numbers in the body of the table refer to the PQ counter plug- 
hubs. Note that the sign plughub of the PQ counter is connected to the 24th P-OUT plughub. 







TABLE ] 
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MULTIPLICATION 


: PQ COUNTER TO P-OUT 
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23 
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20 
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16 
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14 


13 


12 


11 
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9 
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7 


6 


5 


4 


3 


2 


1 


1/0 


S 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


2/1 


S 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 
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s 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


4/3 


s 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


5/4 


s 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


6/5 


s 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


g V6 
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29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 
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30 


29 


28 
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16 


15 
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10 
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8 


g 9/8 
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31 
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25 
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21 


20 


19 
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17 


16 


15 


14 


13 


12 


11 


10 
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32 


31 


30 


29 


28 


27 


26 


25 
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21 
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18 


17 
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15 


14 
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12 


11 


10 
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33 


32 


31 


30 


29 


28 
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26 
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28 
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20 
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17 


16 


15 


14 


^ 15/14 
1 16/15 
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37 


36 


35 
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32 


31 
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29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


s 


38 


37 


36 


35 


34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


fe 17/16 


8 


39 


38 


37 


36 


35 


34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


a 18/17 
° 19/18 
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40 


39 


38 


37 


36 


35 


34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


s 


41 


40 


39 


38 


37 


36 


35 


34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


90 /I Q 


Q 


49 


ill 


An 


ta 


Qa 


qf? 


9R 


•m 


•iA 


'it 


^9 


'^^ 


qn 


9Q 


90 


97 


9R 


9K 


9A 


9^ 


to 


oi 


on 


21/20 


s 


43 


42 


41 


40 


39 


38 


37 


36 


35 


34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


zis/ai 


s 


44 


49 


4Z 


41 


4U 


3y 


m 


37 


3b 


3!) 


34 


33 


3Z 


31 


3U 


za 


za 


21 


:j6 


25 


24 


23 


22 


23/22 


s 


45 


44 


43 


42 


41 


40 


39 


38 


37 


36 


35 


34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


24/23 


s 


46 


45 


44 


43 


42 


41 


40 


39 


38 


37 


36 


35 


34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 
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(1) Division requires: 

A. plugging for the number of comparisons to be made during the dividing operation 

m a dividing operation may vary from 1 to 24. Five orders of accuracy may be selecSd in tWs 
?T ^l T-^^^'''^^^''' operational codes in the Miscellaneous column The codes are assoc 
ated with the 25th plughubs of rows 1, 3, 4, 5 and 6 of the MP-DIV plugboard 



(2) 



Code 

643 

6431 

6432 

64321 

blank 



25th plughub in row 

6 minimum accuracy 

4 
3 
1 maximum accuracy 



L^.ir'^^K "" °* ^f^P^^i«°^s i« controlled by the plughubs of the first row of the MP-DIV plug- 
board The number of comparisons includes a first no go if such occurs This imolies thaMf 
d sign^icant digits are desired in the PQ counter, the dividing operation must b7p ugged f or 
read-outT'user'" "°''' '' '"'"""' ""' ''"' ""' °' *'^ Iq counter unless the low order 

1. Plug the place limitations of division to provide 4, 9 and 15 significant digits in the PO 
counter, using codes 643, 6431 and blank respectively. ^ 



Row 1 
Row 2 



\^ code blank 

0000 0000 

23 20 



o o o o o 
15 



00000 00000 ooooo 

code 64321 
Row 3 ooooo ooooo ooooo 

code 6432 
Row 4*0 0000 ooooo ooooo 

-code 6431 



Row 5 



Row 6 



0000 ooooo ooooo 



#0000 

Ao 



OOOOO 



ooooo 



OOOOO 



ooooo 



- code 643 
I Q o 00 ooooo ooooo ooooo 



• 0000 



ooooo 



ooooo 



ooooo 



ooooo 



ooooo 



^' t^he^'blSuc^c^Se ^''"'^*^°" ""^ '^^^^^^^^ toprovide 18 significant digits in the PQ counter, using 



Row 1 



•code blank 

[0000 OS 
23 20 



000 OOOOO OOOOO OOOOO 



15 



10 
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3. Pii^ tne place iimiiauon ui uivisiuu tu piuviuc tiu aj.giiiiiv-a.in.wi.&xi,^ x** w^v- * vc , o 

the blank code. 

^code blank 
Row IffOOO ooooo ooooo ooooo ooooo 



UOOO ooooo UUUUU yj KJ KJ ^ ^ vr 

23 20 15 10 5 



(3) The amount of shift to the right of the read-out of the quotient from the PQ counter to the buss 
is controlled by a pair of manually set switches. These two dial switches, located to the right 
of the sequence mechanism, are labeled "Divide N minus decimal". The switches must be set 
to the value 22 - n, where the operating decimal point lies between columns n and n + 1. For 
high accuracy computation, the switches must be set to 00. 
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(1) The LIO counter has a pluggable read-out from the counter into the buss. 

(2) The LIO-OUT plughubs lie in row 26 and the corresponding buss plughubs in row 25 of the 
functional plugboard. The auxiliary nines, necessary in plugging for negative numbers, lie in 
the ten plughubs of the right side of the bottom row of the board. 

(3) The LIO counter may be used to shift quantities to the right or left; i.e., to multiply by a power 
of ten. 

1. Plv^ the LIO counter to shift quantities 5 columns to the left; i.e., to multiply by 10^. 

-♦-• • • • t • BUSS 

c I 



Row 25 o • 
24 



20 



15 



10 



Row 26 0*000 00 
24 20 



15 



10 



o o o o o • • • • • 
10 5 



LIO-OUT 
9's 



Bottom Row 

2. Plug the LIO counter to shift quantities 8 columns to the right; i.e., to multiply by 10 

BUSS 



-8 



Row 25 o • < 
24 

Row 26 o • < 
24 

Bottom Row 



20 



15 



10 



20 



15 



■•— • coo ooooo 
10 5 



o o 
10 



LIO-OUT 
9's 



(4) The LIO coimter may be used to drop off digits from any quantity. 



3. The operating decimal point lies between columns 15 and 16. Plug the LIO counter to read 
out only the decimal part of a quantity. 



Row 25 o ^ ' 
24 



20 



Row 26 o»ooo ooooo 
24 20 

Bottom Row 



15 



10 



BUSS 



LIO-OUT 



15 



10 



O O 9*3 



10 



4. The first five columns of a quantity constitute a serial number. Plug the LIO counter to 
drop off the serial number. 



Row 25 



Row 26 



24 



20 



BUSS 



15 



10 



24 



20 



15 



10 



ooooo LIO-OUT 
5 



Bottom Row 



• • • • • ooooo 9's 
10 5 
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SINE IN-OUT COUNTER 

\±} xhe oiKj cuunter nas a piuggaoie reaa-in, csiu-ijn ii, ana two piuggaDie reaa-outs, iSlO-UUT i 
and SIO-OUT II. The "85-1 FU" switch must be in the off position when the SIO counter is used 
for any operation not a part of the sine computation. 

(2) The SIO-IN II plughubs lie in row 32 and the corresponding buss plughubs in row 33 of the 
functional plugboard. This read-in is associated with the automatic code 8741 in the In column. 

(3) The SIO-OUT I plughubs lie in row 35 and the corresponding buss plughubs in row 34 of the 
functional plugboard. This read-out is associated with the code 874 in the Out column. 

(4) If negative quantities are to be routed via SIO-IN II and SIO-IN I, auxiliary nines must be sup- 
plied from a switch under control of the choice counter. 

(5) The SIO-OUT II plughubs lie in row 36 and the corresponding buss plughubs in row 37 of the 
functional plugboard. The auxiliary nines, necessary in plugging for negative numbers, lie in 
the ten plughubs of the left side of the bottom row of the board. This read-out is associated 
with the code 84 in the Out column. 



(6) If the "SIO=QITT-2 Tpvert r.nntvn]" s-anffh 4= in tho .-.« n--.c^«.->w, g «5«a 5« *k^ 'iAiu ^^„^^ „.;n 

pick up the pli^ged auxiliary nines and will invert the read-out of the plugged columns of SIO. 
If the switch is in the off position, a nine in the 24th column will pick up the plugged auxiliary 
nines but the read-out of the plv^ged columns of SIO will be direct. 

(7) The SIO counter may be used to shift quantities to the right or left; i.e., to multiply by a power 
of ten. 

1. Plug SIO-IN II to shift positive quantities 2 columns to the left; i.e., to mtdtiply by 100. 



r^ 



Row 32 o >i ■ • • — • • • • • — >• •■ •• — • • • • • • • • o o SIO-IN II 

I 



24 20 15 10 



Row 33 O >• O O • • • 9 • • • • •• >l« t»« » 9 9 9 9 9 BUSS 

24 20 15 10 5 

2. Plug SIO-OUT I to shift positive quantities 3 columns to the right; i.e., to multiply by 10-^. 

Row o"» O S O O C ^ g q g Q..-^ ' 9 9 9 9 9 




20 15 



• t ■ ■ • »> » •■« BUSS 

10 5 



Row 35 O • • • • • • • • • • • i« • • • • • • ■ » a n Q n fHC\-nj-\T T 

20 15 10 5 

3. Plug SIO-OUT II to shift quantities 2 columns to the right; i.e., to multiply by 10*2, 
Row 36 



:t 



24 20 15 

Row 37 



• • • • • — • • • o o SIO-OUT II 
10 5 



T 



„, , • • • • • • • • > • BUSS 

24 20 15 10 5 



Bottom 

Row o o •-«-• o o o o o 

25 20 



253 

SINE IN-OUT COUNTER 

(8) The SIO counter may be used to drop off digits from any quantity. 

4. Plug SIO-OUT I to shift the 23rd column of a quantity to the 1st column of the buss. Plug 
SIO-OUT II to shift columns 1-22 of a quantity one column to the left. This plugging is 
used in high accuracy division. 

Row 34 ooooo 00000 ooooo ooooo oooof BUSS 
24 20 15 10 5 



Row 35 00*00 ooooo ooooo ooooo ooooo SIO-OUT I 

24 20 15 10 5 

Row 36 •• • • » > > > .« » ■ »« > » SIO-OUT n 

24 20 15 10 5 



13 



Row 37 o o . o BUSS 

24 20 15 10 5 

5. The operating decimal point lies between columns 15 and 16. Plug SIO-OUT I to read the 
integral part of a positive quantity to the buss. Plug SIO-OUT II to read the decimal part 
of a positive quantity to the buss. 

Row 34 o o ••• • ••>• ooooo ooooo ooooo BUSS 

24 r20 15 10 5 

Row 35 o o •• • \ • • • 9 ooooo ooooo ooooo SIO-OUT I 
24 20 15 10 5 

Row 36 ooooo ooooo • • 9 m m — «>■>» 99999 SIO-OUT 11 



24 20 15 10 



Row 37 ooooo ooooo 



24 20 15 10 



BUSS 
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'^l^ The lo<»"arithm unit requires: 

A° plugging to read the logarithm from the LIO counter into the buss, 

B, a switch setting used in the determination of the characteristic, 

C. plugging to terminate division; see Division. 

(2) At the end of the computation, the logarithm stands in the LIO counter with decimal point be- 
tween columns 21 and 22. The LIO-OUT must be plugged to read the logarithm into the buss 
with decimal point at the operating position. 



(3) 



The LIO-OUT plughubs lie in row 26 and the corresponding buss plughubs in row 25 of the 
functional plugboard. The auxiliary nines, necessary if the logarithm has a negative charac- 
teristic, lie in the ten plughubs of the right side of the bottom row of the board. Since only ten 
such auxiliary nines are available, special provisions must be made for computing logarithms 

.' « *u-«- -■=.-1 ^-- -tcsi «„4.:_^ A^,ii■,^n^ r-.io<ioc? Caa CnAincr T.nofarithm Unit. 



(4) Table 2 shows the necessary plugging of LIO-OUT for each position of the operating decxmai 
point. The number at the top of each column refers to the buss plughub. The numijers in tne 
body of the table refer to the LIO-OUT plughubs, except that "9' s" refers to any of the ten plug- 
hubs at the right side of the bottom row of the functional plugboard. 







TABLE 2 


LOGARITHMS 


LIO-OUT TO BUSS 






















BUSS COLUMNS 
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23 


22 21 20 19 
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17 16 15 14 


13 12 


11 10 
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7 


6 


5 


4 


3 


2 1 


1/0 

9/1 


24 
94 


























23 


23 22 

22 21 


3/2 
4/3 
5/4 
6/5 
g 7/6 
•tJ 8/7 

^ 10/9 

1 11/10 
.S 12/11 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 




















23 


23 
22 


23 
22 
21 


22 
21 
20 


21 20 
20 19 
19 18 


















23 


22 


21 


20 


19 


18 17 
















23 


22 


21 


20 


19 


18 


17 16 














23 


22 


21 


20 


19 


18 


17 


16 15 




' 








23 
23 22 


22 
21 


21 
20 


20 
19 


19 
18 


18 
17 


17 
16 


16 
15 


15 14 
14 13 










23 


22 21 


20 


19 


18 


17 


16 


15 


14 


13 12 


9te 


9's 9te 9te 9's 


9b 


9b 9b 9b 9b 


23 22 


21 20 


19 


18 


17 


16 


15 


14 


13 


12 11 


o 13/12 
O 1 ii /1 1 


24 


9's 


9te 9te 91s 9's 


91s 


9b 9b 9b 23 


22 21 


2U ly 


i« 


17 


ID 


10 


i*t 


10 


1^ 


iX xu 


OA 


Qlo 


Qfc Qt QVi Q's 


QV? 


9b 9b 23 22 
9b 23 22 21 


21 20 
20 19 


19 18 
18 17 


17 
16 


16 
15 


15 
14 


14 
13 


13 
12 


12 
11 


11 
10 


10 9 
9 8 


^ 15/14 

'^ 16/15 

S3 17/16 

§ 18/17 

19/18 

20/19 

21/20 

22/21 

23/22 

24/23 


24 


9-8 


9fe 9te 9te 9's 


91s 


24 


9'r 


9te 9fe 9fe 91s 


9b 


23 22 21 20 


19 18 


17 16 


15 


14 


13 


12 


11 


10 


9 


8 7 


24 


9's 


9's 9fe 9's 9's 


23 


22 21 20 19 


18 17 


16 15 


14 


13 


12 


11 


lU 


9 


8 


7 6 


24 


9's 


9's 9's 91s 23 


22 


21 20 19 18 


17 16 


15 14 


13 


12 


11 


10 


9 


8 


'i 


6 5 


24 


9's 


9te 9fe 23 22 


21 


20 19 18 17 


16 15 


14 13 


12 


11 


10 


9 


8 


'/ 


b 


5 4 


24 


9V? 


9b 23 22 21 


20 


19 18 17 16 


15 14 


13 12 


11 


10 


9 


8 


'/ 


6 


b 


4 3 


24 


9'r 


23 22 21 20 


19 


18 17 16 15 


14 13 


12 11 


10 


9 


8 


'/ 


6 


b 


4 


3 2 


24 


23 


22 21 20 19 


18 


17 16 15 14 


13 12 


11 10 


9 


8 


'/ 


6 


b 


4 


3 


2 1 


24 


22 


21 20 19 18 


17 


16 15 14 13 


12 11 


10 9 


8 


7 


6 


b 


4 


3 


2 


1 23 






This 


decimal position cannot be used. 
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255 



LOGARITHM UNIT 



1. The operating decimal point lies between columns 15 and 16. Plug the LIO-OUT. 



Row 25 • •- 


• •>.•••• 








BUSS 


24 


20 
r decimal point 


15 


10 




5 

O 

5 


Row 26 DBA- 


i t t 1 






LIO-OUT 


24 


21 20 


15 


10 


Bottom Row 


o c 
10 




••<••• 


9's 






5 



(5) The determination of the characteristic of the logarithm is controlled by a pair of manually 
set switches. These two dial switches, located to the right of the sequence mechanism, are 
labeled "log N value". The switches must be set to the value 22 - n, where the operating deci- 
mal point lies between columns n and n + 1 . 
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(1) The exponential unit requires: 



plugging LU X't;a.U a IXUiXi mc uu-oo xnkw mc ojiv «^v^«i»n^- 



(2) 



(3) 



(4) 



plugging to read the exponential function from the EIO counter into the buss, 
plugging to terminate division; see Division. 



At the start of the exponential computation, x stands with its decimal point at the operating 
position. The EIO-IN must be plugged to read x from the buss into the EIO counter with deci- 
mal point between columns 21 and 22. 

The EIO-IN plughubs lie in row 27 and the corresponding buss plughubs in row 28 of the func- 
tional plugboard. 

Table 3 shows the necessary plugging of EIO-IN for each position of the operating decimal 
point. The number at the top of each column refers to the buss plughub. The numbers in the 
body of the table refer to the EIO-IN plughubs. 







TABLE 3 


EXPONENTIAL: 


BUSS TO EIO-IN 






















BUSS COLUMNS 




















24 23 


22 


21 20 19 18 


17 


16 


15 


14 


13 


12 


11 


10 


9 8 


7 


6 


5 


4 3 


2 1 


1/0 
2/1 
3/2 
4/3 
5/4 
6/5 

§ V6 
13 8/7 

1 9/8 
A 10/9 

73 11/10 
S 12/11 
1 13A2 


24 
24 
24 






























23 
23 22 


23 22 
22 21 
21 20 


24 




























23 


22 21 


20 19 


24 


























23 


22 


21 20 


19 18 


24 
























23 


22 


21 


20 19 


18 17 


24 
24 






















23 
23 22 


22 
21 


21 
20 


20 
19 


19 IS 
18 17 


17 ID 

16 15 


24 




















23 


22 21 


20 


19 


18 


17 16 


15 14 


24 
24 
















23 


23 
22 


22 
21 


21 20 
20 19 


19 
18 


1Q 

17 


17 
16 


16 15 
15 14 


14 13 
13 12 


24 














23 


22 


21 


20 


19 18 


17 


16 


15 


14 13 


12 11 


24 












23 


22 


21 


20 


19 


18 17 


16 


15 


14 


13 12 


11 10 


Q 14/13 
^ 15/14 
a 16/15 

i 1V16 
a 18/17 


24 










23 


22 


21 


20 


19 


18 


17 16 


15 


14 


13 


12 11 


10 9 


24 








23 


22 


21 


20 


19 


18 


17 


16 15 


14 


13 


12 


11 10 


9 8 


24 






23 


22 


21 


20 


19 


18 


17 


16 


15 14 


13 


12 


11 


10 9 


8 7 


24 




23 


22 


21 


20 


19 


18 


i ( 


18 


15 


14 13 


12 


11 


10 


3 8 


7 6 


24 




23 22 


21 


20 


19 


18 


17 


16 


15 


14 


13 12 


11 


10 


9 


8 7 


6 5 


^ 19/18 


24 




23 22 21 


20 


19 


18 


17 


16 


15 


14 


13 


12 11 


10 


9 


8 


7 6 


5 4 


on /1Q 


OA 




95 00 0.1 0.(\ 


1Q 


18 


17 


16 


15 


14 


13 


12 


11 10 


9 


8 


7 


6 5 


4 3 


21/20 
22/21 


24 
24 23 


23 
22 


22 21 20 19 
21 20 19 18 


18 
17 


17 
16 


16 
15 


15 

■4 M 

It 


14 
10 


13 


12 
11 


11 

lU 


10 9 
9 8 


8 

rr 
i 


7 

c 
u 


6 

c 


5 4 

A O 


3 2 

Ci i. 


23/22 


24 22 


21 


20 19 18 17 


16 


15 


14 


13 


12 


11 


10 


9 


8 7 


6 


b 


4 


3 2 


1 — 


24/23 


24 21 


20 


19 18 17 16 


15 


14 


13 


12 


11 


10 


9 


8 


7 6 


5 


4 


3 


2 1 


— ~ — — 



1. The operating decimal point lies between columns 15 and 16. Plug the EIO-IN 
r- decimal point 



Row 27 o 



Row 28 



{24 21 20 

0»00 000 



15 



10 



in 



o o o o o EIO-IN 
5 

« — » » > • • BUSS 
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(5) At the end of the computation, the exponential function stands with its decimal point between 
plughubs 21 and 22, The EIO-OUT must be plugged to read the exponential function into the 
buss with decimal point at the operating position. 

(6) The EIO-OUT plughubs lie in rows 30 and 31 and the corresponding buss plughubs in row 29 of 
the fimctional plugboard. 

(7) Table 4 shows the necessary plugging of EIO-OUT for each position of the operating decimal 
point. The number at the top of each column refers to the buss plughub. The numbers in the 
body of the table refer to the EIO-OUT plughubs. 











FABLE 4 


EXPONENTIAL: 


EIO-OUT TO BUSS 


























BUSS COLUMNS 
























24 23 


22 


21 


20 


19 


18 


17 16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 1 


1/0 


— 44 


43 


42 


41 


40 


39 


38 37 


36 


35 


34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 22 


2/1 


— 43 


42 


41 


40 


39 


38 


37 36 


35 


34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


22 21 


3/2 


-- 42 


41 


40 


39 


38 


37 


36 35 


34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 20 


4/3 


— 41 


40 


39 


38 


37 


36 


35 34 


33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 19 


5/4 


— 40 


39 


38 


37 


36 


35 


34 33 


32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 18 


6/5 


- 39 


38 


37 


36 


35 


34 


33 32 


31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 17 


§ V6 


- 38 


37 


36 


35 


34 


33 


32 31 


30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 16 


S 8/7 


— 37 


36 


35 


34 


33 


32 


31 30 


29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 15 


§ 9/8 


- 36 


35 


34 


33 


32 


31 


30 29 


28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 14 


ft 10/9 


-- 35 


34 


33 


32 


31 


30 


29 28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 13 


-3 llAO 


— 34 


33 


32 


31 


30 


29 


28 27 


26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 12 


a 12/11 


-- 33 


32 


31 


30 


29 


28 


27 26 


25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 11 


1 13/12 


- 32 


31 


30 


29 


28 


27 


26 25 


24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 10 


Q 14/13 


-- 31 


30 


29 


28 


27 


26 


25 24 


23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 9 


Ml 15/14 


-- 30 


29 


28 


27 


26 


25 


24 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 8 


r! 16/15 


-- 29 


28 


27 


26 


25 


24 


23 22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 7 


u 17/16 


- 28 


27 


26 


25 


24 


23 


22 21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 6 


a 18/17 
^ 19/18 


— 27 


26 


25 


24 


23 


22 


21 20 


19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 5 


-- 26 


25 


24 


23 


22 


21 


20 19 


18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 4 


20/19 


-- 25 


24 


23 


22 


21 


20 


19 18 


17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 3 


21/20 


-- 24 


23 


22 


21 


20 


19 


18 17 


16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 2 


22/21 


- 23 


22 


21 


20 


19 


18 


17 16 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 1 


23/22 


-- 22 


21 


20 


19 


18 


17 


16 15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 -- 


24/23 


- 21 


20 


19 


18 


17 


16 


15 14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





2. The operating decimal point lies between columns 15 and 16. Plug the EIO-OUT. 

BUSS 



Row 29 
24 



Row 30 



20 15 

p- decimal point 



10 



r 



25 



21 20 



15 



10 



o o o o o o 
5 



EIO-OUT 



Row 31 00000 00000 ooooo ooooo o •' » I » 9 EIO-OUT 
45 40 35 30 
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SINE UNIT 



kloTTO i«^ri ¥V\£ 



B. read x/2ff from the buss into the SIO counter, 

C. read the decimal part of x/2ir from the SIO counter into the buss, 

D. read sin X from the SIO counter into the buss, 

E. multiply at the operating decimal position; see Multiplication. 

(2) In the table relays, l/2?r stands with its decimal point between columns 22 and 23, The read- 
out of the table relays must be plugged to read 1/237 into the buss with decimal point at the 
operating position. 

(3) The l/27r plughubs lie in row 20 and the corresponding buss plughubs in row 19 of the MP-DIV 
plugboard. 

(4) Table 5 shows the necessary plugging of the read-out of l/2ir for each position of the operating 
decimal point. The number at the top of each column refers to the buss piughub. The numbers 
in the body of the table refer to the l/27r plughubs. 



XXXr^Xjlfi O OLVi£j, 3l I £i n LKJ X3UOO 



BUSS COLUMNS 
24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 



987 6 5432 



1/0 
2/1 
3/2 
4/3 
5/4 



This decimal position cannot be used. 



22 



22 

22 21 

22 21 20 

21 20 19 



6/5 
















22 


21 


20 


19 18 


§ V6 














22 


21 


20 


19 


18 17 


■^ 8/7 












22 


21 


20 


19 


18 


17 16 


1 9/8 










22 


21 


20 


19 


18 


17 


16 15 


ft 10/9 








22 


21 


20 


19 


18 


17 


16 


15 14 


73 iiAO 








22 21 


20 


19 


18 


17 


16 


15 


14 13 


a 12/11 






22 


21 20 


19 


18 


17 


16 


15 


14 


13 12 


% 13/12 




22 


21 


20 19 


18 


17 


16 


15 


14 


13 


12 11 


Q 14/13 


22 


21 


20 


19 18 


17 


16 


15 


14 


13 


12 


11 10 


g> 15A4 


22 21 


20 


19 


18 17 


16 


15 


14 


13 


12 


11 


10 9 


% 16/15 


22 21 20 


19 


18 


17 16 


15 


14 


13 


12 


11 


10 


9 8 


S 1V16 


22 21 20 19 


18 


17 


16 15 


14 


13 


12 


11 


10 


9 


8 7 


a 18/17 


22 21 20 19 18 


17 


16 


15 14 


13 


12 


11 


10 


9 


8 


7 6 


^ ly/ib 


22 21 20 19 18 17 


16 


15 


14 13 


12 


11 


10 


9 


8 


7 


6 5 


20/19 


22 21 20 19 18 17 16 


15 


14 


13 12 


11 


10 


9 


8 


7 


6 


5 4 


21/20 


22 21 20 19 18 17 16 15 


14 


13 


12 11 


10 


9 


8 


7 


6 


5 


4 3 


22/21 


22 21 20 19 18 17 16 15 14 


13 


12 


11 10 


9 


8 


7 


6 


5 


4 


3 2 


23/22 


22 21 20 19 18 17 16 15 14 13 


12 


11 


10 9 


8 


7 


6 


5 


4 


3 


2 1 


24/23 


Use this decimal position with caution. 

















1. The operating decimal point lies between columns 15 and 16. Plug the read-out of l/27r. 



Row 19 00000 ooooo 
24 20 



BUSS 



15 



10 



r-decimal ooint 



Row 20 o o o ©-H 
24 22 



20 



15 



10 



ooooo 1/2 -r 
5 
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(5) In the buss, x/2ir stands with its decimal point at the operating position. The SIO-IN II must be 
plugged to read x/27r into the SIO counter at the same decimal position; i.e., the pli^ging is 
direct. 

(6) The SIO-IN n plughubs lie in row 32 and the corresponding buss plughubs in row 33 of the 
functional pliigboard. 



2. Plug SIO-IN II 
Row 32 o 



Row 33 




sio-mn 



BUSS 



(7) In the SIO counter, x/2ff stands with its decimal point at the operating position. The SIO-OUT I 
must be plugged to read x/27r into the buss with its decimal point between columns 22 and 23. 

(8) The SIO-OUT I plughubs lie in row 35 and the corresponding buss plughubs in row 34 of the 
fimctional plugboard. 

(9) Table 6 shows the necessary plugging of SIO-OUT I for each position of the operating decimal 
point. The number at the top of each column refers to the buss plughub. The numbers in the 
body of the table refer to the SIO-OUT I plughubs. 



TABLE 6 SINE: SIO-OUT I TO BUSS 



BUSS COLUMNS 
24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 



1/0 
2/1 
3/2 
4/3 
5/4 
6/5 

§ V6 
33 8/7 

1 9/8 
ft 10/9 
13 11/10 
S 12/11 
g 13/12 
Q 14/13 
a» 15/14 

2 16/15 
S 1V16 
§ 18/17 
° 19/18 

20/19 
21/20 
22/21 
23/22 
24/23 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



This decimal position cannot be used. 



11 10 

12 11 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

13 12 11 

14 13 12 

15 14 13 

16 15 14 

17 16 15 

18 17 16 

19 18 17 

20 19 18 

21 20 19 

22 21 20 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



1 
2 
3 
4 
5 
6 
7 
8 

11 10 9 

12 11 10 



1 
2 
3 
4 
5 
6 
7 
8 

13 12 11 10 9 

14 13 12 11 10 



1 
2 
3 
4 
5 
6 
7 
8 

15 14 13 12 11 10 9 

16 15 14 13 12 11 10 



1 
2 
3 
4 
5 
6 
7 
8 

17 16 15 14 13 12 11 10 9 

18 17 16 15 14 13 12 11 10 



1 
2 
3 
4 
5 
6 
7 
8 

19 18 17 16 15 14 13 12 11 10 9 
Use this decimal position with caution. 
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PLUGGING INSTRUCTIONS 



1 lie UpClittlllg UCV;illiaJ. ^^Wiiii, jlxSo iw/fccwccn v^uxuumt.^ j- «/ aiiu j.v. x xug k^xv^-'^^^i x. 



decimal point 



Row 34 



24 22 20 



15 



10 



BUSS 
5 



Row 35 00000 00000 • m • • • • • • * • 1 • • • • SIO-OUT I 

24 20 15 10 5 

(10) At the end of the computation, sin x stands in the SIO counter with decimal point between col- 
ums 22 and 23. The SIO-OUT II must be plugged to read the sine into the buss with decimal 
point at the operating position. 

(11) The SIO-OUT II plughubs lie in row 36 and the corresponding buss plughubs in row 37 of the 
functional plugboard. The auxiliary nines, necessary if the sine is negative, lie in the ten plug- 
hubs of the left side of the bottom row of the same board. Since only ten such auxiliary nines 
are available, special provisions must be made for computing the sines of third and fourth 
quadrant angles if there are eleven or fewer operating decimal places. See Coding, Sine Unit. 

(12) Table 7 shows the necessary plugging of SIO-OUT n for each position of the operating decimal 
point. The number at the top of each column refers to the buss plughub. The numbers in the 
body of the table refer to the SIO-OUT II plughubs, except that "9' s" refers to any of the ten 
plughubs at the right side of the bottom row of the functional plugboard. 













TABLE 7 SINE: SIO-OUT H TO BUSS 
























BUSS COLUMNS 




















24 


23 


22 21 


20 


19 18 17 16 15 14 13 12 11 


10 9 


8 


7 


6 


5 


4 


3 


2 1 


1/0 










This decimal position cannot be used. 
















2/1 


24 
























23 22 


3/2 


24 






















23 


22 21 


4;^ 


24 






















22 


21 20 


5/4 


24 


















23 


22 


21 


20 19 


6/5 


24 
















23 


22 


21 


20 


19 18 


§ 7/6 


24 














23 


22 


21 


20 


19 


18 17 


S 8/7 


24 












23 


22 


21 


20 


19 


18 


17 16 


§ 9/8 


24 










23 


22 


21 


20 


19 


18 


17 


16 15 


C^ 10/9 


24 










23 22 


21 


20 


19 


18 


17 


16 


15 14 


•g 11/10 


24 








23 


22 21 


20 


19 


18 


17 


16 


15 


14 13 


.5 12/11 


24 








23 22 


21 20 


19 


18 


17 


16 


15 


14 


13 12 


S^ 13/12 


24 


9te 


9fe 9fe 


9te 


9te 9te 9's 9's 9's 9te 23 22 21 


20 19 


18 


17 


16 


15 


14 


13 


12 11 


Q 14/13 


24 


9te 


9's 9's 


9te 


9's 9's 9te 9!s 9fe 23 22 21 20 


19 18 


17 


16 


15 


14 


13 


12 


11 10 


^ 15/14 


24 


9fe 


9te 9fe 


9te 


9's 9te 9's 9fe 23 22 21 20 19 


18 17 


16 


15 


14 


13 


12 


11 


10 9 


^ 16/15 


24 


9's 


9's 9te 


9te 


9's 9te 9te 23 22 21 20 19 18 


17 16 


15 


14 


13 


12 


11 


10 


9 8 


S 17/16 


24 


9's 


9's 9's 


9fe 


9's 9's 23 22 21 20 19 18 17 


16 15 


14 


13 


12 


11 


10 


9 


8 7 


a 18/17 
" 19/18 


24 


9^8 


9's 9te 


9fe 


9te 23 22 21 20 19 18 17 16 


15 14 


13 


12 


11 


10 


9 


8 


7 6 


24 


9te 


9's 91s 


9fe 


23 22 21 20 19 18 17 16 15 


14 13 


12 


11 


10 


9 


8 


7 


6 5 


20/19 


24 


9's 


9te 9te 


23 


22 21 20 19 18 17 16 15 14 


13 12 


11 


10 


9 


8 


7 


6 


5 4 


21/20 


24 


9's 


9's 23 


22 


21 20 19 18 17 16 15 14 13 


12 11 


10 


9 


8 


7 


6 


5 


4 3 


22/21 


24 


9te 


23 22 


21 


20 19 18 17 16 15 14 13 12 


11 10 


9 


8 


7 


6 


5 


4 


3 2 


23,/22 


24 


23 


22 21 


20 


19 18 17 16 15 14 13 12 11 


10 9 


8 


7 


6 


5 


4 


3 


2 1 


24/23 










Use this decimal position with caution. 
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4. The operating decimal point lies between columns 15 and 16. Plug SIO-OUT H. 



decimal point 



Row 36 o • 

24 22 20 



Row 37 o 



15 



10 



o o o o o SIO-OUT n 
5 



24 



Bottom 
Row 



20 15 

-•— • 



BUSS 



10 
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INTERPOLATORS 



(1) The plugging of each interpolator unit is complete ana independent. i« -x^Sx .o ^.^ - -x 

polator unit, the following quantities must be specified: 

A. the interval of the argument or the highest order "h", 

B. the tape decimal point, 

S: S: ZZZ i Strrp:MiJ^f ^oelicients (Including Co) accompanying each argun^en,, 
E. the operating decimal point. 



(2) An interpolator unit requires: 

A plugging to read the argument from the buss into the interpolation counter, 

b' plugging to read "h correction- 2" into the intermediate counter, 

n' r>it,o-<rina tn r^ad "h correction- 3" into the intermediate counter, 

d' Dlueeine to read "h" from the buss into the intermediate counter, 

E pluSiJStoread the interpolational coefficients from the buss to the intermediate counter, 

F. a switch setting rf one Jiaifmem^ ^^^ accompany- 

ir^ each argument, 
H. plugging to multiply at the operating decimal position; see Multiplication. 



(3) 



In order to position a functional tape to the nearest value of the argument, six columns of the 
buss must be plugged to the interpolation counter. These six columns include the algebraic 
sLnc^^mn the four argument columns and the highest order "h" column. In order to position 
a functS'tape to the next lower value of the argument, only five columns of the buss are 
plugged to the interpolation counter. The plugging from the highest order "h" column to the 
first column of the interpolation counter is omitted. 



(4) The interpolation counter plughubs and the corresponding buss plughubs lie in the following rows: 

Interpolator I -functional plugboard, row 15 INTERPOLATION-IN-1, row 16 BUSS; 
Interpolator II - MP-DIV plugboard, row 12 l.IN-1-2 row 11 BUSS; 
Interpolator m - MP-DW plugboard, row 13 I-IN-1-3, row 14 BUSS. 



(5) 



Table 8 shows the necessary plugging for the read-in of the argument to the interpolation counter 
for each highest order "h" column. The number at the top of each column refers to the inter- 
polation counter plughub. The numbers in the body of the table refer to the buss plughubs. 

1 rr^u-. ^.,««„«„^ ,i«,.4»«oi r,r,inf lipfi Vv^twppn columns 15 and 16. Plug the interpolation count- 
er for the following values of Aa and highest order h . 



Interpolator 


Aa 


Highest Order "h" 


I 


0.1 


14 


II 


0.01 


13 


m 


0.001 


12 
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FUNCTIONAL PLUGBOARD 



Row 15 



Row 16 



o • •— • 
6 5 4 3 



• • • 000 OOOOO 00000 

3\ 2 1 



OOOOO I-IN-1 



O • 

24 



MP-DIV PLUGBOARD 



Row 11 



0^0 o o 
24 



Row 12 
Row 13 



o o 
20 



•— •■ 

20 







15 



OOOOO 

10 



OOOOO 

5 



oS 



• • i — •— • 
6 5 4 3 2 1 



7i • • 00 OOOOO OOOOO 
15 10 5 



000 OOOOO OOOOO OOOOO 



Row 



li O • • • • •— • 000 OOOOO OOOOO OOOOO 

[6 5 4 3\ 2 1 

14 0»000 0000 • • 4 > » O OOOOO OOOOO 



BUSS 

BUSS 

I-IN-1-2 
I-IN-1 -3 

BUSS 



24 



20 



15 



10 



(6) If h is negative, the "h" correction- 2 reads auxiliary nines into the columns of the intermediate 
counter to the left of the highest order "h" column. If it is desired to read these auxiliary 
nines into a storage counter A under control of the line of coding (841, A, blank), the "h" cor- 
rection-2 plughubs should be plugged to any available row of buss plughubs instead of to the 
intermediate plughubs. 



TABLE 8 


INTERPOLATION: BUSS TO INTERPOLATION COUNTER 




INTERPOLATION COUNTER COLUMNS 




6 5 4 3 2 1 


1 


24 5 4 3 2 1 


2 


24 6 5 4 3 2 


3 


24 7 6 5 4 3 


4 


24 8 7 6 5 4 


5 


24 9 8 7 6 5 


g 6 


24 10 9 8 7 6 


1 '^ 


24 11 10 9 8 7 


f. 8 


24 12 11 10 9 8 


"^ 9 


24 13 12 11 10 9 


~xi 10 


24 14 13 12 11 10 


'u 11 


24 15 14 13 12 11 


^ 12 


24 16 15 14 13 12 


gl3 
Z. 14 


24 17 16 15 14 13 


24 18 17 16 15 14 


S 15 


24 19 18 17 16 15 


■a 16 


24 20 19 18 17 16 


B 17 


24 21 20 19 18 17 


18 


24 22 21 20 19 18 


19 


24 23 22 21 20 19 


20 


24 — 23 22 21 20 


21 


24 - — 23 22 21 


22 


24 - 23 22 
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.... _ . . , J jLi__ — ^i«o, 4.>4-oT.n>,aHiqfo nnimtpr nlughubs lie in the 

(7) The "h" correction-2 piugnuDs ana me cuiitsD^'^iiuiiiB x^^t^x xx.v,«*d. ' r— &*- 

followii^ rows: 

interpolator I - functional plugboard, row 19 H-CORR-2, row 20 INTERMED-IN-2; 
Interpolator H - MP-DIV plugboard, row 21 H-CORR-2-2 row 22 INT; 
Interpolator m - MP-DIV plugboard, row 25 H-CORR-3-2, row 26 INT. 

(8) Table 9 shows the necessary plugging for reading the "h" ^^^^^^f °"f .^^^^^^^^^^rr.oSimn 
^ ^ intermediate counter for each highest order "h" column The number at the op of each column 

refers to the intermediate plughub. The numbers in the body of the table refer to the h cor- 
rection plughubs. 





TABLE 9 iNTERPOijATiuN: n v^uxvn.ii-v.iiv/i^i-'' x'-' xJN^x^*.^-— 


COUNTER 








INTERMEDIATE COUNTER COLUMNS 
















24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 


8 


7 


b 


5 4 3 iS 


1 




1 


24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 


8 


7 


6 


5 4 3 2 






9, 


24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 


8 


7 


6 


5 4 3 






3 


24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 


8 


V 


6 


5 4 






4 


24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 


8 


7 


b 


5 






R 


24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 


8 


V 


b 






a 


6 


24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 


B 


i 








B 


7 


24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 


8 










1— 1 
o 


8 


24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 












u 


9 


24 23 22 21 20 19 18 17 16 15 14 13 12 11 lU 












Xi 


10 


24 23 22 21 20 19 18 17 16 15 14 13 12 11 














11 


24 23 22 21 20 19 18 17 16 15 14 13 12 














12 


24 23 22 21 'dO 19 IB 17 16 15 14 13 














13 


24 23 22 21 20 19 18 17 16 15 14 












o 


14 


24 23 22 21 20 19 18 17 16 15 














15 


24 23 22 21 20 19 18 17 16 












fn 


16 


24 23 22 21 20 19 18 17 












•ft 


17 
18 
19 
20 
21 
22 


24 23 22 21 20 19 18 
24 23 22 21 20 19 
24 23 22 21 20 
24 23 22 21 
24 23 22 
24 23 













2. The operating decimal point lies between columns 1 5 and 16. Plug "h" correction-2 for the 
following values of Aa and highest order "h". 



Interpolator 


Aa 


Highest Order "h" 


I 


0.1 


14 


II 


0.01 


13 


III 


0.001 


12 
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FUNCTIONAL PLUGBOARD 
Row 19 o • • • • — i 



24 



20 



Row 20 o 



24 



20 



-•0000 ooooo 00000 H-CORR-2 
15 10 5 



-•0000 ooooo ooooo INT-IN-2 
15 10 5 



MP-DIV PLUGBOARD 
Row 21 o • • • • 



24 



Row 22 o 



24 



20 



20 



-•— • 000 oo'ooo ooooo H-CORR 
15 10 5 -2-2 



■♦— • 000 ooooo ooooo INT 
15 10 5 



Row 25 o 



Row 26 o 



24 



24 



20 



20 



15 



15 



oo ooooo ooooo H-CORR 

10 5 -3-2 

oo ooooo ooooo INT 

10 5 



(9) In order to read minus one to lowest order "a" column, columns 1-23 of the "h" correction- 3 
plughubs provide nines and the 25th plughub provides an eight. The "8" plughub is connected to 
the lowest order "a" column of the intermediate counter. The nine plughubs are connected to 
the remaining 23 columns of the intermediate counter. If it is desired to read the minus one of 
"h" correction-3 into a storage counter A under control of the line of coding (841, A, blank), 
the "h" correction-3 plughubs should be plugged to any available row of buss plughubs instead 
of to the intermediate plughubs. 

(10) The intermediate coimter plughubs and the corresponding "h" correction-3 plv^hubs lie in the 
following rows: 

Interpolator I - fimctional plugboard, row 21 INTERMED-IN-2, row 22 H-CORR-3; 
Interpolator II - MP-DIV plugboard, row 23 INT, row 24 H-CORR- 2- 3; 
Interpolator in - MP-DIV plugboard, row 27 INT, row 28 H-CORR- 3- 3. 

(11) Table 10 shows the necessary plugging for reading "h" correction-3; i.e., minus one, to the 
intermediate counter for each highest order "h" column. The number at the top of each column 
refers to the intermediate counter plughub. The numbers in the body of the table refer to the 
"h" correction-3 plughubs, except that ' 8' refers to the 25thplughub of the "h" correction-3 row. 

3. The operating decimal point lies between columns 15 and 16. Plug "h" correction-3 for the 
following values of Aa and highest order "h". 



Interpolator 


Aa 


Highest Order "h" 


I 


0.1 


14 


II 


0.01 


13 


III 


0.001 


12 
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FUNCTIONAL PLUGBOARD 
Row 21 

Row 22 

MP-DIV PLUGBOARD 
Row 23 

Row 24 

Row 27 



INT-IN-2 



H-CORR-3 



Row 28 •-• 




INT 



H-CORR 
-2-3 

INT 



H-CORR 
-3-3 



1 — 

1 


TABLE 10 


INTERPC 


LATION: 


iihi> 


CO 


RRECTION 


-3 TO INTERM 


EDI 


4TE 


COUNTER 1 














INTERMEDIATE COUNTER COLUMNS 




















£•1 CiO 


on 




20 


1 r\ 


18 


1 n 
i. 1 


16 


1 c 


1 A 
JL1 


13 


12 


1 1 


1 n 


n 


8 


17 

1 


c 


5 


A 


o 
(J 


O 1 




1 


2 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


'8' 1 




2 


3 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


'8' 


2 1 




3 


4 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


'8' 


3 


2 1 




4 


5 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


'8' 


4 


3 


2 1 




5 


6 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


'8' 


5 


4 


3 


2 1 




s 

3 


6 


7 23 


22 


21 


20 


19 


18 


17 


18 


15 


14 


13 


12 




10 


9 


3 


'3' 


6 


5 


4 


3 


2 1 


7 


8 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 




10 


9 


'8' 


7 


6 


5 


4 


3 


2 1 


O 


8 


9 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 




10 


'8' 


8 


7 


6 


5 


4 


3 


2 1 


O 


Q 


in 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 




'8' 


9 


8 


7 


6 


5 


4 


3 


2 1 


J5 


10 


11 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


'8' 


10 


9 


8 


7 


6 


5 


4 


3 


2 1 


U 


11 


12 23 




iSl 




■4 ir\ 


18 


17 


ID 


15 


14 


•4 •% 

10 


In 1 
O 




lU 


9 


o 


7 


6 


5 


4 


3 


2 1 


0) 


12 


13 23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


'8' 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 


u 
n 


13 


14 23 


22 


21 


20 


19 


18 


17 


16 


15 


'8' 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 


-M 


14 


15 23 


22 


21 


20 


19 


18 


17 


16 


'8' 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 


<1> 


15 


16 23 


22 


21 


20 


19 


18 


17 


'8' 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 


tb 


16 


17 23 


22 


21 


20 


19 


18 


'8' 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 


w 


17 


18 23 


22 


21 


20 


19 


'8' 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 




18 


19 23 


22 


21 


20 


'8' 


18 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 




19 


20 23 


22 


21 


'8' 


19 


18 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 




20 


21 23 


22 


'8' 


20 


19 


18 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 




21 


22 23 


'8' 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 




22 


23 '8' 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 
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(12) The "h" columns must be plugged to read from the buss into the intermediate counter; i.e., the 
highest order "h" column and the columns to its right are plugged. Since the multiplications 
necessary to interpolation are carried on at the operating decimal position, this plugging is 
direct. 



(1 3) The intermediate counter plughubs and the corresponding buss plughubs lie in the following rows: 

Interpolator I - functional plugboard, row 23 INTERMED-IN-2, row 24 BUSS; 
Interpolator H - MP-DIV plugboard, row 16 INT-IN-3, row 15 BUSS; 
Interpolator IH - MP-DIV plugboard, row 17 INT-IN-4, row 18 BUSS. 

(14) Table 11 shows the necessary plugging for the read-in of "h" from the buss to the intermediate 
coxmter for each highest order "h" column. The number at the top of each column refers to the 
buss plughub. The numbers in the body of the table refer to the intermediate counter plughubs. 







TABLE 11 INTERPOLATION: BUSS TO INTERMEDIATE - 


IN-2 


,3, 


OR 4 












BUSS COLUMNS 






















24 23 22 21 20 19 18 


17 16 15 14 13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 




1 

2 




















2 1 




3 


















3 


2 1 




4 
















4 


3 


2 1 




5 














5 


4 


3 


2 1 


B 


6 












6 


5 


4 


3 


2 1 


7 










7 


6 


5 


4 


3 


2 1 


o 


8 








8 


7 


6 


5 


4 


3 


2 1 


o 


9 






9 


8 


7 


6 


5 


4 


3 


2 1 


JS 


10 




10 


9 


8 


7 


6 


5 


4 


3 


2 1 


^ 


11 




11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 


^ 


12 




12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 


o 


13 




13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 


-M 


14 




14 13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 




15 




15 14 13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 


16 




16 15 14 13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 


s 


17 




17 16 15 14 13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 




18 


18 


17 16 15 14 13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 




19 


19 18 


17 16 15 14 13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 




20 


20 19 18 


17 16 15 14 13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 




21 


21 20 19 18 


17 16 15 14 13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 




22 


22 21 20 19 18 


17 16 15 14 13 12 11 10 


9 


8 


7 


6 


5 


4 


3 


2 1 



4. The operatii^ decimal point lies between columns 15 and 16. Plug the read- in of "h" for 
the following values of Aa and highest order "h". 



Interpolator 


Aa 


Highest Order "h" 


I 


0.1 


14 


n 


0.01 


13 


m 


0.001 


12 
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fUNlJilUWAlj i'JjUVjrov/AKju' 



Row 23 ooooo 00000 o 
24 20 15 



10 



Row 24 



o o o 
24 



MP-DIV PLUGBOARD 



Row 15 
Row 16 

Row 18 



ooooo 
24 

ooooo 
24 

ooooo 
24 

ooooo 
24 



ooooo 
20 



ooooo 
20 

ooooo 
20 

ooooo 
20 



o ( 
15 



o o 
15 

o o 
15 



-•-• INT-IN-2 



10 



BUSS 



BUSS 



10 



10 



o o o •- 
15 



10 



ooooo ooo 
20 15 



INT-IN-4 



BUSS 



10 



(1 5^ The interoolator units read the interpolational coefficients from the functional tape into the 
buss with decimal point at the tape decimal position. The coefficients must be read from the 
buss into the intermediate counter (C-value plughubs) for computation at the operating decimal 
position. Negative coefficients may not be shifted to the right, since no auxiliary nines are 
available to fill in at the left. 

(16) The intermediate counter (C-value) plughubs and the corresponding buss plughubs lie in the 
following rows of the MP-DIV plugboard: 

Interpolator I, row 5 C-VALUE-1, row 6 BUSS; 
Interpolator H, row 8 C-VALUE-2, row 7 BUSS; 
Interpolator in, row 9 C-VALUE-3, row 10 BUSS. 

5. The operating decimal point lies between columns 15^and 16. Plug interpolators I and III 
for tape decimal point between columns 15^ ' '" ~ 
point between columns 9 and 10, jCj^j < 10' 

MP-DIV PLUGBOARD 



for tape decimal point between columns 15 and 16. Plug interpolator II for tape decimal 



Row 5 o 



Row 6 o 



Row 7 o 



Row 8 o ^ 
24 



• • • 

24 


-• — > • • < 

20 


h-« — • • • 1 

15 


►—• — •-• 

10 


5 


• — • — 9- 

24 


20 


15 


10 


5 




1 








2A 


20 

-• — • t • < 


15 


10 


5 


»— • — 4 • • ( 


> • • < 


. ..\... 



C-VAL-1 



BUSS 



BUSS 



C-VAL-2 



20 



15 



10 
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MP-DIV PLUGBOARD 
Row 9 o • • • % 



24 



20 



15 



Row 10 o 



10 



C-VAL-3 



BUSS 



24 



20 



15 



10 



6. The operating decimal point lies between columns 15 and 16. In the functional tape, Aa = 0.1 
and highest order "h" = 14. The tape decimal point lies between columns 15 and 16. Plug 
interpolator I. 

FUNCTIONAL PLUGBOARD 

Row 15 o • • • • — •— • 000 00000 ooooo ooooo I-IN-1 
[654 3\2 1 

o • o o o > • > m • 000 ooooo oooo 



Row 16 

24 20 

Rows 17 and 18 not used. 



o BUSS 



15 



10 



Row 19 o 



Row 20 o 



24 



24 



Row 21 



Row 22 



o • . 
(24 



o I 
24 



20 



20 



20 



20 



-•0000 ooooo ooooo H-CORR-2 
15 10 5 



-•0000 ooooo ooooo INT-IN-2 
15 10 5 



1 . 
15 



'A' 



10 



10 



INT-IN-2 



H-CORR-3 



Row 23 ooooo ooooo oi 

24 20 15 

Row 24 ooooo ooooo 0( 

24 20 15 



10 



10 



INT-IN-2 



BUSS 



MP-DIV PLUGBOARD 
Row 5 o • • • • 



24 



20 



15 



Row 6 o 



24 



20 



15 



10 



10 



C-VAL-1 



BUSS 



7 . The operating decimal point lies between columns 1 5 and 16. In the functional tape , Aa = .01 , 
highest order "h" = 13 andlC^I < lO^. The tape decimal point lies between columns 9 and 



10. Plug interpolator n. 
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MP-uIV PLUGBOARD 



Row 7 o 



Row 8 



• i 
[24 

o • < 



20 



15 



10 



BUSS 
C-VAL-2 



24 20 15 

Row 11 0«000 000 •— ♦ 



10 5 

00 00000 ooooo BUSS 



Row 12 



0«000 000 •— • — • • • 00 ooooo uuuuu xjuwjkj 

p4 20 /l5 10 5 

\ » t 1 »— » 000 ooooo ooooo ooooo I-IN-l-J 



6 5 4 3 2 1 



Row 15 ooooo ooooo oo 

ftA on 1«^ 

Row 16 ooooo ooooo 00 

24 20 15 



in 



BUSS 
INT-IN-3 



Row 21 o 



Row 22 o 



24 



20 



»»■ ■•• t » • • • • • 

10 5 

ooo ooooo ooooo H-CORR 



15 10 5 -2-2 

-•— • 000 ooooo ooooo INT 



24 



20 



Row 23 
Row 24 



• - 
[24 
ft I 



20 



15 

71 

15 



10 



10 



p ( 
24 



20 



15 



10 



INT 



H-CORR 
-2-3 



8. The operating decimal point lies between columns 15andl6. In the functional tape, Aa = 0.001 
and highest order "h" = 12. The tape decimal point lies between columns 15 and 16. Plug 
interpolator III. 



MP-DIV PLUGBOARD 



Row 9 o • • • • — • • • • • — • • • 



24 



20 



15 



ItOW lU u 



24 



20 



• • » 



-« — • — • • — • — • — •— # C-VAL-3 



10 



RTISS 



Row 13 Op •-♦ 
Row 14 o 



15 10 5 
«— • 000 ooooo ooooo ooooo I-IN-1-3 



• % — a — • ooo UUUUU uuuu 

1^ 5 4 3\2 1 

>ooo oooo • — • i • • o o o o o 

5»d 20 15 10 



Row 17 ooooo ooooo ooo 

24 20 15 

Row 18 ooooo ooooo ooo 

24 20 15 



o ooooo BUSS 
5 



10 



INT-IN-4 
BUSS 



10 
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MP-DIV PLUGBOARD 
Row 25 o • • • • 



24 



20 



Row 26 o 



24 



20 



Row 27 
Row 28 



15 



15 






• a m 










8 


24 


20 


15 


r t t t t t t 

10 


5 




24 


20 


15 


10 


5 



oo 00000 00000 H-CORR 
10 5 -3-2 

oo 00000 00000 INT 
10 5 

INT 



H-CORR 
-3-3 



(17) For tape positioning, one half the number of arguments in the tape must be set in the push 
button switches labeled "Value tape set up 1/2 A values in tape" above the interpolator to be 
employed. 

(1 8) The number of interpolational coefficients (including Cq) should be set in each of the dial switches 
above the interpolator, labeled "Set up number of C-values on each switch". In certain special 
cases, the dial switches need not be set alike. In order to position the tape, the right dial switch 
is set to the number of interpolational coefficients (including Cq) accompanying each argument 
in the tape. The left dial switch is set to the number of interpolational coefficients to be used 
in the interpolation computation. 
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CARD FEEDS 

/i\ frvio nty-w-A faaAc vam^i-ra nlucrorintr frif thp rpa<^-out from thp p.ard fced brushes into the buss. 
The card coluinns and corres^ondin*'' card feed brushes and plughubs are numbered from left to 
right, whereas the buss piughubs or the calculator are numbered from right to left. 

(2) If negative numbers are to be shifted to the left on reading into the calculator, they should be 
punched as complements on ten rather than on nine. If negative numbers are to be shifted to 
the right on reading into the calculator, auxiliary nines must be filled in to the left by plugging 
one brush plughub to more than one buss plughub. One brush plv^hub should not be plugged to 
more than nine buss plughubs. 

(3) The card feed plugboard is located to the right of the sequence mechanism. The brush plughubs 
of card feed I lie in vertical row 8 and the corresponding buss plughubs in vertical row 5. The 
brush pli^hubs of card feed II lie in vertical row 4 and the corresponding buss plughubs in ver- 
tical row 1 . 

1. The operating decimal point lies between columns 15 and 16, Cards are to be fed from 
both feeds with decimal point between card columns 9 and 10. Plug the card feeds. 

CARD CARD 

BUSS FEED BUSS FEED 

II I 

24* o o 1* 24* o o !• 

#00 iioo * 






f O f f o o 

too i i o o 

o o 5* 204 o o 

I' o o • 4 o o 

o o i * o o 



o o ^ e o o 

o o • • o o 

o 10^ 15^ o o 



ir 



1 • o O i 

i 4 o o ( 

1 i o o I 

O O ^^00 I 

o 15« lOf o o 15< 



^ ^ o o 

o o 4 4 o o 

o o 20 • 5 m o o 't 

■■00 

o O ••00 

••00 

o o 24 4 li o o 24) 

The operating decimal point lies between columns 15 and 16, Cards are to be fed from 
feed I with decimal point between card columns 15 and 16. Cards are to be fed from feed 
II with decimal point between card columns 3 and 4. 
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(4) The "Card Feed Reverse" switches are located to the left of the sequence mechanism. It should 
be noted that though these switches reverse the codes of the feeds they do not reverse the plug- 
ging. 



274 



CARD PUNCH 



/i\ m,« «o^<i tMin/>>^ ^omiifos nhio-ffinor nf the read-in from the Dunch counter to the punch magnets. 
The card columns are numbered from left to right, whereas the punch coimter columns are 
numbered from right to left. 

(2) To skip a card out, 24 card columns must be punched. If fewer than 24 columns are wired for 
punching, zeros in a master card in the duplicating rack will skip the card out. 

(3) The plugboard for the card pimch is located at the extreme right end of the machine, inside the 
cover. Only two sets of plughubs are used, labeled PUNCH MAGNETS and COMP MAG OR 
CTR TOT EXIT OR M S IN, the latter set being wired to the punch counter. 

1 . The operating decimal point lies between columns 15 and 16. Plug the punch to punch cards 
with decimal point between columns 9 and 10. 

PUNCH MAGNETS 



Card cols. 1-20 



Card cols. 21-24 



Ctr. cols. 24- 5 



Ctr. cols. 4-1 



! 25 
• •! • • o 



000000 OOOOO 00000 



COMP MAG OR CTR TOT EXIT OR M S IN 
2A 2B 4A 4B 6A 



6B 



6B 



OOOOOOOO 00000000 



(4) Cards may be pimched containing a function in the first columns of the cards and a serial num- 
ber in the last columns of the card. After the function is punched, a duplicating card and skip 
bar control the punch. 

2. The operating decimal point lies between columns 15 and 16. A fvmction is to be punched 
in the first 24 card columns with decimal point between card columns 9 and 10. Serial 
numbers are to be punched in card columns 70, 73-76 and 79. Plug the punch. 
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\6B 1 

#»-• •• 0000 0000 0000 0000 
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PRINTING 

(1) The printing operation requires plugging for: 

A. dropping off zeros to the left, 

B. printing a minus sign, 

C. the read-out of the print counter to the typewriter, 

D. horizontal spacing of digits, 

E. printing a decimal point, 

F. dropping off zeros to the right, 

G. tabulating and returning the carriage, 
H. resetting print and print step counters, 

I. vertical spacing, 
J. adding a half -correction, 
K, printing in half time, 

(2) The plugging of each typewriter is complete and independent. The sequence of printing oper- 
ations is controlled by a print step counter which advances at the rate of nine steps per second. 
The read-out of this counter is wired to 49 column selection plughubs, labeled COL-SEL-PRINT-1 
and lying in rows 1,2 and 3 of the functional plugboard for typewriter I, and COL -SEL -PRINT -2 
lyii^ in rows 8, 9 and 10 of the functional plugboard for typewriter II. 

(3) In order to drop off zeros to the left, for typewriter I: 

A. plughubs 24 and 25 of row 5 (RO-CONTROL-RELS) are connected, 

B. plughub 25 of row 6 is plugged to the n + 2nd plughub of row 5, where the printed deci- 
mal point lies between columns n and n + 1 of the print counter. 

In order to drop off zeros to the left, for typewriter II: 

A. plughubs 24 and 25 of row 12 (RO-CONTROL-RELS) are connected, 

B. plughub 25 of row 13 is plugged to the n + 2nd plughub of row 12, where the printed 
decimal point lies between columns n and n + 1 of the print counter. 

No plughubs are available for dropping off zeros to the left if the printed decimal point lies 
between columns 22 and 23 or between columns 23 and 24. If for typewriter I the 25th plughub 
of row 6 is plugged to the 23rd plughub of row 5, or if for typewriter II the 25th plughub of row 
13 is plugged to the 23rd plughub of row 12, then, 

(a) if the printed decimal point lies between columns 22 and 23, decimal quantities will be 
printed with no zero preceding the decimal point; 

(b) if the printed decimal point lies between columns 23 and 24, decimal quantities will be 
printed with no zero preceding the decimal point and if the digit following the decimal 
point should be a zero, a space will occur instead of a printed zero, 

(4) In order to print the minus sign preceding a negative number, the plughub of the print counter 
read-out next above the plughub wired to print the highest significant digit must be plugged to a 
column selection plughub. Negative numbers may be printed as complements on nine by throw- 
ing the "Print Complement Switches" located to the right of the MP-DIV plugboard. 

(5) The plughubs of the print counter read-out corresponding to the columns of the print coimter 
containing the digits to be printed must be pli^ged to column selection plughubs. The print 
counter read-out plughubs are in row 4 for typewriter I and row 11 for typewriter II. 

(6) If the digits of the quantity to be printed are to be spaced in horizontal groups, spaces must be 
plugged from plughubs 11-25 of row 3 for typewriter I, from plughubs 11-25 of row 10 for type- 
writer n. These spaces are plugged to the appropriate column selection plughubs between the 
connections from the print counter read-out plughubs. 
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PLUGGING INSTRUCTIONS 



Kt) 



(8) 



(9) 



/ifj\ 
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to the print counter read-out columns either side of the assumed decimal point. 

Zeros may be dropped off to the right of a quantity under control of the code 87 (called the 
"argument control") in the Out column of the line of coding initiating printing. One of the first 
two plughubs in row 18 is connected to the column selection plughub next after the plughub con- 
nected to the last digit to be printed. 

If only one vertical column of numbers is to be printed, a tab is plugged immediately after the 
last digit, five column selection plughubs are left blank and a second tab is plugged for the car- 
riage return. This second tab iF converted to a carriage return by adjusting the right hand 
margin stop. If more than one vertical column of numbers is to be printed, a tab is plugged 
immediately after the last digit of each quantity. The tab after the last quantity printed on any 
horizontal line is converted to a carriage return. Eight tab plughubs are provided for each 
tj^ewriter. They are plughubs 21-24 of rows 1 and 2 for typewriter I, of rows 8 and 9 for type- 
writer n. 

The print step counter and print counter are reset simultaneously. Six column selection plug- 
hubs'^are left'^blank after the last tab and then the reset is plugged. The reset plughub is the 
25th plughub of row 2 for typewriter I and of row 9 for typewriter II. 

1. The operating decimal point lies between columns 15 and 16. Plug typewriter I to print 
quantities, which may be positive or negative, to 8 decimal places, grouped by threes to 
the right and left of the decimal point, argument control after 2 decimal places. 



COL-SEL-PRINT-1 1 
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Row 3 



o • i • • •— • • • • 
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RO-CONTROL-RELS 
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25 24 
C 

2524 

Row 6 AoOOO 00000 OOOOO OOOOO 00000 

2524 20 15 10 5 (4-5) 

Row 18 OOOOO OOOOO OOOOO ooooo oooo • — 

2 1 



The operatii^ decimal point lies tetween columns 21 and 22. Plug typewriter II to print 
quantities, which may be positive or negative, to 21 decimal places, digits in groups of 3, 
5, 5, 5, 3 to the right of the decimal point. 
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3, The operating decimal point lies between columns 15 and 16. Plug typewriter I to print 
all 23 digits of quantities, positive or negative, grouped by fives to the right and left of the 
decimal point, argument control after 2 decimal places. 
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PLUGGING INSTRUCTIONS 



(11) The first ten pli^hubs of rows 38 and 39 control the vertical grouping of quantities printe« on 
typewriter I. The second set of ten plughubs on the same rows serve the same purpose ^or 
typewriter II. The vertical spacing of each typewriter is under control of the read-out of a 
line step counter (LSj andLS2). These counters step every time a carriage return occurs. 
Various vertical groupings are possible but the pattern must repeat in groups of ten lines or 
less. At the end of the desired grouping, the line step counter must be reset. This reset is 
obtained by connecting plughub R (6 for typewriter I, 16 for typewriter H in row 39) to the line 
step counter read-out. When the step counter resets, a single line space is obtained. If an 
extra vertical space is desired, one of the extra space plughubs (1-5 for typewriter I, 11-15 for 
typewriter II in row 39) must be plugged to the step counter read-out. 



Pli^ t3^ewriter I for vertical groups alternately of 3 and 4 quantities. Pl\^ t3rpewriter II 
for vertical groups of 8 quantities. 
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5. Plug typewriter I for vertical groups of 4 quantities. Plug typewriter Ilfor vertical groups 
of 5 quantities. 
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ooooo oooo» ooooo ooooo • 
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(12) The print counters may be plugged for a "half pick-up" which adds or sulrtracts five in the 
column to which it is plugged, according as the quantity in the print counter is positive or nega- 
tive. Note that the typewriter reverse switches do not change over the half pick-up, which is 
not reversed but continues to add into the print counter for which it is coded and plugged. The 
half pick-up impulse plughubs lie in rows 6 and 13 for print counters I and n respectively, 
labeled IMPULSE 1/2 CORR. The impulse plughubs are plugged to rows 7 and 14 for print 
coimters I and n respectively, labeled CTR. 

6. The operatii^ decimal point lies between columns 15 and 16. Plug print counter I for a hau 
Dick-\«) correcting the eighth decimal place. 
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The operating decimal point lies between columns 19 and 20. 
half pick-up correcting the tenth decimal place. 



Plug print counter n for a 
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Row 13 o 
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8. The operating decimal point lies between columns 15 and 16. Plug print counter and type- 
writer I to print on the same horizontal line: 

(a) an argument, zeros dropped off after 2 decimal places, 

(b) a positive or negative quantity to 10 decimal places, digits grouped by fives to the right 
and left of the decimal point, half pick-up correcting the tenth decimal place. 

Plug the line step coimter for vertical groups of six lines. 
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PLUGGING INSTRUCTIONS 






successive digits unless there is already a space, a decimal point or an argument control plug- 
ged between them. 

9. The operating decimal point lies between columns 15 and 16. Plug typewriter II to print in 
haK time, positive or negative quantities, to 8 decimal places, digits grouped by threes to 
the right and left of the decimal point, argument control after 2 decimal places, half pick- 
up to correct the eighth decimal place. Plug the line step counter for vertical groups of 
five lines. 
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(14) The "Typewriter Reverse Switches" are located to the left of the sequence mechanism. It should 
be noted that, as stated in note (12), though these switches reverse the codes of the print counters 
and the codes initiating printing, they do not reverse either the plugging or the half pick-up 
coding. 
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SAMPLE PLUGGING 

The plugging of the calculator is shown for operating decimal point between columns 15 and 16. 

Division is plugged to provide?, 14 or 22 digits in the PQ counter under control of Miscellaneous 
codes 643, 6431 and blank respectively. 

Interpolator I is plugged for afunctional tape in which Aa = 0.1, highest order "h" = 14 and 
the tape decimal point lies between columns 15 and 16. 

Interpolator in is plugged for a functional tape in which Aa = 0.01, highest order "h" =13 and 
the tape decimal point lies between columns 9 and 10. 

Typewriter I is plugged for positive or negative quantities, all 23 columns of digits grouped by 
fives to the right and left of the decimal point, argument control after 2 decimal places. Line step 
counter 1 is plugged for vertical groups of six lines. 

Typewriter n is plugged for positive or negative quantities, digits grouped by threes to the 
right and left of the decimal point, argument control after 2 decimal places, half pick-up to correct 
the eighth decimal place. Line step counter 2 is plugged for vertical groups of five lines. 

The following switch settings must be made: 

Divide N minus decimal switches = 07; 

Log N value switches = 07; 

Interpolator I, push button switches = 0051 , dial switches = 3; 

Interpolator HI, push button switches = 0044, dial switches = 5, 

Interpolator II reads a value tape and therefore requires no plugging. The card feed and card 
punch pluggings are assumed to be direct and are not shown. 
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PLUGGING INSTRUCTIONS 



MP-DIV PLUGBOARD 
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SAMPLE PLUGGING 



MP-DIV PLUGBOARD (continued) 
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PLUGGING INSTRUCTIONS 



FUNCTIONAL PLUGBOARD 
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CHAPTER VI 
SOLUTION OF EXAMPLES 
In most cases there are several methods of adapting a problem for machine computation. After 
all methods of attack have been considered, one usually will show distinct advantages as regards 
speed and ease of operation and reliability of the checking procedures employed. 

Since machine time is extremely valuable, the first consideration in planning a sequence tape is 
to reduce the computation time to a minimum consistent with the required accuracy. However, a fine 
balance must be maintained between computation time and the ensuing complexity of the coding. The 
conservation of one or two cycles of machine time will, for example, not be profitable if it means that 
the counters containing essential parts of a computation must be reset before the results are checked. 

The second consideration in planning a computation is ease of operation. If switches must be 
altered or sequence tapes interchanged at relatively short intervals of time, these operations will 
constitute not only a loss of time but also a source of error. 

Ease of rerunnii^ a computation in the wake of an error and the possibility of computing for 
specific values of the independent variables must also be considered. Machine failures occur from 
time to time. The amount of time consumed in detectii^ the source of an error is usually dependent 
upon the complexity of the coding. The time required to resume operation after an error, which is 
dependent upon the number of manipulations the attendant mvist perform, should be reduced to a mini- 
mum in a well planned sequence tape. Specifically, no decisions or computations should be required 
on the part of the attendant. The operating instructions and the values printed or punched should pro- 
vide all the information necessary for rerunnii^ any part of the computation. 

Finally, of paramount importance in the design of a sequence control tape are the checks on the 
computation. These must insure positive proof that the output values obtained are precisely those 
required and that they are correct to the desired accuracy. Four classes of errors must be taken 
into account: (1) errors inherent in the mathematical formulae; (2) errors produced by a repetition 
of the four fundamental operations of arithmetic; (3) errors introduced by manual operations; (4) errors 
due to mechanical or electrical failures within the calculator itself. 
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The errors infterent m me mamemaucai iuruiui.<tc muo«. ^e t»a.x«*i>.^u »-u- — „ -i— ^^ 

analysis before the coding is begun. Decisions must be made as regards the number of terms of an 
infinite series to be retained, the number of times an iterative process must be applied and the order 
of interpolation required. These decisions are dependent upon the interval and increment of the inde- 
pendent variable and the accuracy desired in the computed results. 

The loss of accuracy due to the repetition of the four basic arithmetical operations in a finite 
digital calculator must be subjected to a detailed analysis. For each operation, the maximum error 
must be assumed and the error of the final result computed. The simple expedient of using a certain 
number of extra computing columns will, in general, nullify errors from this source. Thus the choice 
^f tK^ .^r»oT=aH7,ar Hc.-.irY.ai no«;itinn v?ill in nart be dictated by the number of extra columns so allowed. 
The two sources of human error mentioned in Chapter V, incorrect switch settings and incorrect 
plugging, are perhaps the most serious of all. If the mathematical nature of a problem permits a 
check of the final results, independent of the method of computation, the errors of the manual oper- 
ations will be detected. K, however, the only checks which may be applied are those of an operational 
character; i.e., substantiating the fact that the desired sequence of operations has been correctly 
performed by the calculator, such errors as incorrect switch settings may not be detected. Hence 
meticulous precision on the operator^ part and careful checking of all manual operations are essential. 
Mechanical and electrical failures within the calculator itself are the final source of errors 
which must be checked. If a problem is properly coded, either operational or end result checks must 
be provided to detect such failures. In no case should the calculator be permitted to run more than 
twenty minutes without checks . 

Although the probability is exceedingly small, a failure in the checking circuits of the machine 
may occur. To provide for the detection of such an event, all check quantities should be printed and 
kept under observation. If the check quantities are printed before the checking operation is performed, 
in case of failure, the magnitude and conformation of the error may provide a clue to its source. If 
possible, all quantities essential to the computation of the value being checked should be preserved 
in the calculator until the check is completed. These quantities may then be printed or punched and 
manual computation used to aid in tracing the source of the error. If the length of a computation is 
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not too great, a rerun after a failure, with the tolerances set arbitrarily low so that the machine will 
stop even though the computation is correct, may provide correct values for comparison with those 
in error. Such a comparison will often lead direcUy to the particular source of difficulty. 

Before the actual coding is begun, the storage counters should be allocated to the various parts 
of the computation. Then as the coding proceeds, a diagram should be prepared showing the lines of 
coding by which the counters are reset and the quantities they contain at every cycle of the computation. 
A clear copy of the coding must be provided before an attempt is made to run a sequence tape 
on the calculator. The lines of perforations in the tape should be numbered to correspond to the lines 
of coding. In the coding sheets, colored indicators should call attention to all prints, interpolations 
and checks. All functional operations should be separated by horizontal rulings. 

Before a sequence tape is run on the machine, a manual computation of a degenerate case, of the 
first point to be evaluated or of some arbitrary point, should be made. Comparison of the results of 
this manual computation with the results yielded by the tape will serve to check the coding and punch- 
ing of the tape. The manual computation should parallel the operations dictated by the tape so that 
intermediate results may be compared if the final results fail to check. 

Every sequence control tape must be accompanied by operating instructions. These instructions 
must be sufficiently complete to enable an experienced attendant to set up the problem and operate the 
calculator. All value and functional tapes and cards supplied with a problem must be thoroughly 
checked before a problem is ready to run. The only remaining source of input values, the switch 
settings, must be checked just before the machine is started. Directions for checking the switch set- 
tings must be given in the operating instructions. The quantities standing in the switches must be 
printed or punched for checking, either under control of a sequence tape or under manual control of 
the keyboard ordinarily used in the preparation of sequence tapes (see page 45, last paragraph). If 
blank tape is placed across the reading pins of the sequence mechanism, this keyboard maybe connec- 
ted to the calculator to transmit successive single lines of coding to the machine. Only an experienced 
attendant should attempt to use the keyboard, however, because of the rapid manipulations necessary 
in using automatic codes. The keyboard is most frequentty used for printing and punching quantities 
when testing to locate a source of error. 
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It is often necessary to make preliminary computations and to set certain values in storage 
cotmters before a computation is begun. In such an event a starting tape is used. It is usually a short 
two-ended control tape and may well include printing quantities from the switches, checking pluggii^ 
and resetting storage counters. If possible starting tapes should be used only at the beginning of a 
problem or to re-establish operation after failure to check. In general, they should not be used at the 
start of each individual run since too much time wovild be wasted in changing control tapes. 

The operating instructions accompanying a sequence tape must include all of the following in- 
formation. 

(1) Switches. 

All quantities to be set in switches must be listed. Both S3rmbols and numerical values must 
be stated. All tolerances must be accompanied by a reference to the quantity to be checked. 

(2) Tapes. 

All value and functional tapes, together with a statement of the interpolator on which they 
are to be placed, must be listed. All tapes must be clearly labeled and starting lines indi- 
cated. On the sequence tape itself, the starting line and ail rerun lines must be marked. 

(3) Card Feeds. 

The cards required by each feed must be identified by their serial numbers. The relation- 
ship of the serial numbers to the argument and function being computed must be clearly 
stated. In the instructions for reruns or any other special rims, fvirther instructions for 
the replacement oi carus mus*. t>e given, 

(4) Card Punch, 

The quantities being pvmched and the printed values with which they may be compared must 
be identified. The composition of serial numbers in relation to the argument and fimction 
must be made clear. Instructions must be given for the labeling, filing and storing of all 
cards punched. 

(5) T3?pewriters. 

The mathematical symbols of the quantities printed and their relative positions must be 
stated. Sample headings of pages or rolls should be cited. It must also be stated whether 
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or not the typewriter reverse switches may be used since these switches do not reverse the 
half pick-up codii^, 

(6) Storage Counters. 

All manual resets of storage coimters must be listed. In particular, if a counter is used to 
accumulate for each quantity or group of quantities printed, and stop the machine at the end 
of a page, this counter must be identified. 

(7) Fimctional Counters. 

All manual resets required must be listed. 

(8) Checks. 

All checks must be listed and the following information supplied for each check: 

(a) qiiantity checked; 

(b) amoimt of tolerance and switch from which it is derived; 

(c) line of coding containing the check procedure; 

(d) procedure in case of failure to check. 

(9) Rerun Instructions. 

In general, these will be of two types: 

(a) rerun of the point on which the failure occurred; 

(b) rerun of any other point. 

Complete plv^gii^ instructions must also accompany every sequence control tape. These in- 
structions must include all of the followii^ information: (1) a statement of the position of the operating 
decimal point of the calculator and of the typewriter and punch decimal points, if these differ; (2) a 
list of the units of the calculator employed in the computation and diagrams of their plugging; (3) the 
switch settings for division, logarithms and interpolation must be listed if these functions are to be 
used; (4) for each tjrpewriter, the horizontal grouping of the digits to be printed must be stated, the 
vertical grouping of the lines of the tabular values must be given, pluggii^ diagrams for each type- 
writer must be provided. 

If the logarithm, exponential, sine or interpolator units are to be used by a sequence tape, these 
units should be tested on known arguments before the tape itself is tested. Such known arguments 
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musi mciuae, lor tiie exponential anu aine iinits, uoui puoinvc auu ncganvc va.i«co, ixx v»*e ^a.^^ ^jl -^w 
sine vmit, arguments from each of the four quadrants using both the sine and cosine series should be 
chosen. The reading pins of the interpolators should be tested by reading known values such as di- 
agonal numbers . 

If a sequence tape is of such general interest that it will be preserved in the tape library, its 
starting tape should be designed with care in order to check all switch settings, all plvigging and all 
of the functional vinits employed, as well as to compute the initial values required by the main control 
tape. However, for problems to be run but once on the calculator, the starting tape should be as 
simple as is consistent with adequate provision for setting up the problem and rerunning in case of 
failures » 

In the preparation of control tapes and operating instructions, a standard practice is necessary 
since the operation of large scale calculating machinery on a continuous basis is of necessity a group 
enterprise. The methods and techniques employed must be standardized in order that the required 
results may be obtained with a minimum of special instructions. The foregoing discussion covers the 
more important rules of coding developed in nearly two years of operation of the calculator. However, 
so brief a description cannot be expected to cover all the details involved. These will be illustrated 
by means of examples chosen for mathematical simplicity in order that the coding and checking may 
be the focal points of the discxjssion. 
Example 1, It is required to evaluate the pol3momial, 

F(x) = x"^ + 3x2 . 3x2/4 _ 22x + 3, 
by successive multiplications, in the interval 5<k:^10, with ax = 0.01. The values of F(x) are to 
be punched in tabulatii^ machine cards for use in further computation. Each card must be identified 
by a serial number consisting of the argument, x^^, pxmched with decimal point between card columns 
75 and 76 (machine columns 5 and 6) and a one in the 80th card column (1 in 1st machine column). It 
is not required to print the values of F(x). One value of F(x) is to be computed during each revolution 
of the control tape. The tape is to be designed so that it may be rolled back and rerun without any 
additional manipulations. The starting tape is to be designed so that it may be used to re-establish 
the computation for any arbitrary value of the argument. 
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If F(x) is written in the form, 

F(x) = iiix^ + 3)x„ - 3/4)x„ - 22)k^ + 3, 
it should be clear that only three multiplications will be required to evaluate the given polynomial. In 
general a polynomial of nth degree will require not more than n multiplications. The constants will 
be supplied from switches. Since F(x) < 2 x 104 in the interval under consideration, the standard 
position of the operating decimal point, between columns 15 and 16, may be assumed. 



Switch Settings 



No. 



1 
2 

4 
5 
6 
7 
9 

10 
11 



Code 



741 
742 

743 

7431 

7432 

74321 

751 

752 
7521 



Settii^ and Purpose 



A X = 1 in 14th machine colxmm; increment of argument for computii^ 

AX = 1 in 4th machine column; increment of argument for punch card serial 
numbers 

1 in 1st machine column; punch card code for F(x); zero check tolerance 

0.75 

22 

3 

^n-1 = argument for computing; decimal point between columns 15 and 16; used 
in starting tape only 

^n-1 + ^' decimal point between colmnns 15 and 16; used in startingtape only 

Xjj_j = argument for punch card serial numbers; decimal point between col- 
umns 5 and 6; used in starting tape only 



Since the argument is always ^ 5, containing at least one non-zero digit, and is always used as 
the multiplier, four lines of coding may be interposed between the read-in of MP and the read-out of 
the product. The resets of the counters receiving the products, and the additions of the successive 
constants, are interposed in the mvdtipli cations. 
Starting Tape 
reset ctr. 1 
Xjj.j from sw. 9 to ctr. 1; argument for computing 



Line 


OUT 


IN 


MISC. 


1 


1 


1 


7 


2 


751 


1 


7 
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reset ctr. 2 

X - + 3 from sw, 10 to ctr. 2 
n-1 

reset ctr. 64 

X , from sw, 11 to ctr, 64; argument for punch card serial 
"-^ number 

Main Control Tape 

AX from sw. 1 to ctr, 1; ctr, 1 = x .. + ax = x ; argument for 

computing 
AX from sw, 2 to ctr, 64; ctr, 64 = x^_i +ax = Xj^; argument 

for pimch card serial number 

AX from sw. 1 to ctr, 2; ctr. 2=x^ ^+ax + 3=x^ + 3 

n- 1 n 



Xjj + 3 from ctr. 2 to MC 



X from ctr, 1 to MP 



re»et ctr, 3 

- 0,75 from sw. 5 to ctr, 3 

(x + 3)x to ctr. 3; ctr. 3 = (x + 3)x - 0.75 
^ n ' n n n 

(Xjj + 3)Xjj - 0.75 from ctr. 3 to MC 



Rerun line 



x„ irom cir. i lo mf 
n 



reset ctr. 4 

- 22 from sw. 6 to ctr. 4 

((Xjj + 3)Xjj - 0.75)x to ctr. 4; ctr, 4 = ((x + 3)x - 0.75)xn - 22 



Line 


OUT 


IN 


MISC, 


3 


2 


2 


^ 


4 


752 


2 


7 


5 


7 


7 


7 


6 


7521 


7 


7 




1 


741 


1 


7 


*% 
^ 




rr 


rt 


3 


741 


2 


7 


4 


2 


761 


7 


5 






7 


6 








7 


1 




7 


8 






7 


9 






7 


10 


21 


21 


»7 


11 


7431 


21 


32 


12 




21 


7 


13 


21 


761 


7 


14 






7 


15 








4 e* 


1 
i. 




7 


17 






7 


18 






7 


19 


3 


3 


7 


20 


7432 


3 


32 


\JL4 




3 


7 
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((x + 3k - 0.75 )x - 22 from ctr. 4 to MP 

"a n 



x^ from ctr. 1 to MP 



reset ctr. 5 

3 from sw. 7 to ctr, 5 

(((x^ + 3)x^ - 0.75)x - 22)x to ctr. 5; ctr. 5 = F(x ) 

F(Xjj) to punch ctr. 

initiate punching and wait until punching is completed 

x^ from ctr. 64 to pvmch ctr. for serial number 

1 in 1st machine column to pimch ctr.; code for F(x) 

initiate pvmching and continue operation 



Line 


OUT 


IN 


MISC. 


22 


3 


761 


7 


23 






7 


24 








25 


1 




7 


26 






7 


27 






7 


28 


31 


31 


7 


29 


74321 


31 




30 




31 


7 


31 


31 


753 




32 






51 


33 


7 


753 




34 


743 


753 




35 






75 


36 






87 



Operating Instructions 

(1) Set switches as listed. Punch the values set in the switches and compare the punched values 
with the list of switch settings. 

(2) The quantities punched under control of the main tape are the values of F(x ). Each card is to 
be identified by a serial number consisting of the argument, x , punched in card columns 74-77 
and a one, the code for F(x), in card column 80. All cards punched are to be placed in the 
drawer provided for this purpose. 



(3) 
(4) 



Run starting tape . 

Run main control tape. If no failures occur, continue running until card for x =9.99 has been 
pimched, then press stop key. ^ 



(5) If a failure occurs during the computation for the argument, x„, roll the tape back to line 4 
marked "Rerun line", and repeat the computation for this value. ' 

(6) If tests are made and counters disturbed, or if it is desired to compute for any arbitrary value 
of the argument, repeat the starting procedure with switches 9, 10 and 11 reset as listed. 
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tape may be computed as follows: 

accumulate arguments 3 

three multiplications 30 

punching of results 10 

pimching of serial number _3 

46 cycles = 13.8 seconds. 

If further computations are added to this tape, it will be possible to interpose thirteen of these 
cycles reducing the computation time to 9.9 seconds, 

(8) The first card punched under control of the main tape will be F(x) = 874.25 with the serial num- 
ber 500001. 

Pluggii^ Instructions 

(1) Plug the multiply unit for the standard position of the operatii^ decimal point (see page 247). 

(2) Plug the pimch as shown in the diagram below. 



PUNCH MAGNETS 

10 15 



20 



I 25 

• >' • > 0000 

45 
0000 0000 

65 
0000 0000 



COMP MAG 
2A 2B 4A 



30 35 40 

0000 0000 0000 

50 55 60 

0000 0000 0000 



70 75 

0000 o •- 



•— •■ 



80 



OR CTR TOT EXIT OR M S IN 
4B 6A 6B 



6B 



» I « 9 0000 0000 0000 0000 



Example 2. It is required to evaluate the polynomial of example 1 usii^ difference engine techniques. 
Suppose five values of the function, F g, F ., F „, F „» ^ _i » to be available in pimched 
cards. A starting tape will be designed to feed these five cards, and compute the differences asso- 
ciated with the argument Xjj_j. Switch 8 will contain a^F = 0.000 000 24 and this quantity will be used 
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to check the differences computed by the starting tape . Before beginning the computation with the 
calculator, F(4.95), F(4.96), F(4.97), F(4.98) and F(4.99) must be computed manually and punched in 
tabulating machine cards. Thereafter, F(x) must be punched in cards by the main control tape. 
Hence, in the event of a machine error, any five successive values of the function, known to be cor- 
rect, may be used to re-establish the computation with the aid of the starting tape. 

The main control tape is to be designed so that the value of the function and its differences com- 
puted in the m-lst revolution of the tape will be used in the mth revolution of the tape to compute the 
next succeeding value of the function and its differences. The standard decimal position will be used. 



Starting Tape 
reset ctr, 1 



F K to ctr. 1 from card feed I 
n-o 



reset ctr. 2 



F . to ctr. 2 from card feed I 
n-4 



reset ctr. 3 

F - to ctr. 3 from card feed I 
n-o 

reset ctr. 4 

F ^ to ctr. 4 from card feed I 
n-2 

reset ctr. 8 

F . to ctr. 8 from card feed I 
n-1 

reset ctr. 9 

F _, from ctr. 8 to ctr. 9 

- Fj^_2 from ctr. 4 to ctr. 9; ctr. 9 = a F « 

- F „ from ctr. 3 to ctr. 4: ctr. 4 = a F « 

n-3 . , . j^_3 

- F . from ctr. 2 to ctr. 3; ctr. 3 = a F . 

n-4 ' n-4 

- F^ c from ctr. 1 to ctr. 2; ctr. 2 = a F c 

n-o n-o 

reset ctr. 10 



a F „ from ctr. 9 to ctr. 10 
n-^ 



Line 


OUT 


IN 


MISC. 


- 1 


1 


1 


7 


2 




1 


7632 


3 


2 


2 


7 


4 




2 


7632 


5 


21 


21 


7 


6 




21 


7632 


7 


3 


3 


7 


8 




3 


7632 


9 


4 


4 


7 


10 




4 


7632 


11 


41 


41 


7 


12 


4 


41 


7 


13 


3 


41 


732 


14 


21 


3 


732 


15 


2 


21 


732 


16 


1 


2 


732 


17 


42 


42 


7 


18 


41 


42 


■"■■ ' — i 

7 
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- A F « from ctr. 4 to ctr. 10; ctr. 10 = a^F^ « 

n-o Ti-o 

- A F ^ from ctr. 3 to ctr. 4; ctr. 4 = a^F 

n-4 n-4 

- A F c from ctr, 2 to ctr. 3; ctr. 3 = a^F j. 

n-5 . , . jj_5 

reset ctr. 11 

2 
A F o from ctr. 10 to ctr. 11 
n-o 

- A^F . from ctr. 4 to ctr. 11; ctr. 11 = a^F . 

n-4 . , . jj_4 

- A^F^f^ from ctr. 3 to ctr. 4; ctr. 4 = a^f^,^ 
reset ctr, 12 

" * n-4 """" '" *' ""' ^" ' '" 

- A^F c from ctr. 4 to ctr. 12; ctr. 12 = a'^F 

n-o 

reset comparison ctr. 5 
A F from sw. 8 to ctr, 5 



n-5 



-A^F 



from ctr. 12 to ctr. 5 



n-5 
reset check ctr . 72 

zero check tolerance from sw. 4 to check ctr. 72 

A^F - a^f| to check ctr. 72 

check; reset check ctr. 72 

reset ctr. 64 

X ^ from sw. 11 to ctr. 64; argument for punch card serial 
number 



Main Pnntrnl Tanp 



reset working coimters for differences computation 



transfer differences from storage to working counters 

n-1 
A F^_5| from ctr. 9 to ctr, 13 



Line 


OUT 


IN 


MISC. 


19 


3 


42 


732 


20 


21 


3 


732 


21 


2 


21 


732 


22 


421 


421 


7 


23 


42 


421 


7 


24 


3 


421 


732 


25 


21 


3 


732 


26 


43 


43 


7 


27 


421 


43 


7 


28 


3 


43 


732 


29 


31 


31 


7 


30 


75 


31 


7 


31 


43 


31 


732 


32 


74 


74 


7 


33 


743 


74 


7 


34 


31 


74 


71 


35 


74 


74 


64 


36 


7 


7 


7 


37 


7521 


7 


7 




1 


43 


43 


7 


2 


431 


431 


7 


3 


432 


432 


7 


4 


4321 


4321 


7 


5 


4 


43 


1 


6 


41 


431 


7 
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a2f „ from ctr. 10 to ctr. 14 
n-3 
3 
A F^_^ from ctr. 11 to ctr. 15 

4 ^ 

A F from sw. 8 to ctr. 15: ctr. 15 = a^F « 

n-o 

A^F , from ctr. 15 to ctr. 14; ctr. 14 = a^F „ 

2 

A F „ from ctr. 14 to ctr. 13; ctr. 13 = a F , 
n-i5 n-1 

A F . from ctr. 13 to ctr. 12; ctr. 12 = F 
n-i n 

F from ctr. 12 to punch ctr. 
n 

reset ctr. 8; initiate punchii^; continue operation but complete 

punchii^ before reading into pvmch ctr. 
reset ctr. 9 

reset ctr. 10 

reset ctr. 11 

AX from sw. 2 to ctr. 64; ctr. 64 = x - +ax = x ; argument 

for punch card serial number "" ^ 

F^ from ctr. 12 to ctr. 8 

A F . from ctr. 13 to ctr, 9 

n-2 
3 
A F^g from ctr. 15 to ctr. 11 

x^ from ctr. 64 to punch ctr. for serial number 

1 in 1st machine column to punch ctr.; code for F(x) 

initiate punching and continue operation 



Line 


OUT 


IN 


MISC. 


7 


42 


432 


7 


8 


421 


4321 


7 


9 


75 


4321 


7 


10 


4321 


432 


7 


11 


432 


431 


7 


12 


431 


43 


7 


13 


43 


753 


7 


14 


4 


4 


751 


15 


41 


41 


7 


16 


42 


42 


7 


17 


421 


421 


7 


18 


742 


7 


■ 


19 


43 


4 


7 


20 


431 


41 


7 


21 


432 


42 


7 


22 


4321 


421 


7 


23 


7 


753 




24 


743 


753 




25 






75 


26 






87 



Operating Instructions 

(1) Set switches as listed on page 293, adding switch 8 = 0.000 000 24. Punch the values set in the 
switches and compare the punched values with the list of switch settings. 

(2) The quantities punched under control of the main tape are the values of F(x ). Each card is to 
be identified by a serial number consisting of the argument, x , punched in card columns 74-77 
and a one, the code for F(x), in card column 80. All cards punched are to be placed in the 
drawer provided for this purpose. 

(3) Five cards, labeled "starting cards", must be i^aced in card feed I. These cards are identified 
by the serial numbers 495001, 496001, 497001, 498001 and 499001. 
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_ . i. ^ i._.^- Tjm _j ,,4- tr-.-rv '>« '•a^f' faaA nnnirn} switrh and restart calculator, 

(4) Jtttin starting tape, Wneii ctiruo luu um., «.arn v/xj. wd^u x^«v. x.v^»— j — wi — »«« 1^,^ ... , 

,- ., _i_-.i.___x i 1-^+^^ »»«^^r,fiTr fViQ coniionr>o TYiPfhnnism will stoD on a blank line oi 

II me aiartiiig tape lo cuixipxctcu v^uxxct^vj-jr, "^v, ^^^^^^^^^ 

tape. 

(5) K the check, on line 35 of the starting tape fails, the calculator will stop on line 36, reading 
(7, 7. 7). The starting cards must be refed and the starting tape rerun. If the check continues 
to fail, the counters used in the difference computation (ctrs, 1 through 15) and switch b must 
be tested, 

(6) Run main control tape. If no failures occur, continue running until the card for Xj^ = 9,99 has 
been pimched, then press the stop key, 

(7) If it is necessary to rerun the computation, or to run it for an arbitrary value of the argu- 
ment, x^: 

' n 

(a) five cards from those punched under control of the main tape must be placed in card feed I; 
these cards are identified by the arguments x^_^, Xj^_4, x 3, x^_2' ^n-V ^" *^^^ order, 
punched in card columns 74-77 and a one in card column 80: 

(b) switch 1 1 must be set to x„ * ; 

(c) the"starting procedure must be repeated and the computation continued under control of the 

main tape, 

(8) The maximum time for each revolution of the main tape may be computed as follows: 

computation of FCxn) 12 

punching F(Xjj) 10 

punching serial number _3^ 

25 cycles = 7,5 seconds, 

(9) The first card punched under control of the main sequence tape will be F(5,00) = 874,25 with 
the serial number 500001 , 

Plugging Instructions 

(1) Plug the card punch as in example 1 (see page 296), 

(2) Plug card feed I direct (see page 272), 

Example 3, It is required to design a single control tape incorporating the two methods of evaluating 
the polynomiaL F(x), defined in example 1, The two values of F(x„) independently computed in each 
revolution of the tape are to be compared providing an exact check on the computation. All other 
conditions of this example are the same as those of examples 1 and 2, 

Starting Tape 

Lines 1 through 35 will be lines 1 through 35 of the starting tape of example 2. 
Lines 36 through 41 wUl be lines 1 through 6 of the starting tape of example 1. 
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Main Control Tape 

AX to ctr, 1; ctr. 1 = Xjj_j^ +ax = x^^ 
AX to ctr. 64; ctr. 64 = x ^ +ax = x 
AX to ctr. 2; ctr. 2 = Xj^ + 3 



x^ + 3 to MC 



x^ to MP 



- 0.75 to ctr. 3 

(Xjj + 3)Xjj to ctr. 3 

(x^ + 3)Xjj - 0.75 to MC 

Fjj_i to ctr. 12 

aF o to ctr. 13 
n-A 

X to MP 
n 

A^F^ o to ctr. 14 
n-o 

A^F . to ctr. 15 
n-4 



- 22 to ctr. 4 

{(x^ +3)x^- 0.75)x^ to ctr. 4 

((x + 3)x - 0.75)x - 22 to MC 
n n n 

a4Fjj_4 to ctr. 15; ctr. 15 = A^F^g 

A^F , to ctr. 14; ctr. 14 = a2f _ 
n-o n-^ 

Xjj to MP 

A^F „ to ctr. 13; ctr. 13 = a F , 
n-2 n-1 

A Fj^_i to ctr. 12; ctr. 12 = F^ 



Rerxm line 



Line 


OUT 


IN 


MISC. 


1 


741 


1 


7 


2 


742 


7 


7 


3 


741 


2 


7 


4 


2 


761 


7 


5 


43 


43 


7 


6 


431 


431 




7 


1 




7 


8 


432 


432 


7 


9 


4321 


4321 


7 


10 


21 


21 


7 


11 


7431 


21 


32 


12 




21 


7 


13 


21 


761 


7 


14 


4 


43 


7 


15 


41 


431 




16 


1 




7 


17 


42 


432 


7 


18 


421 


4321 


7 


19 


3 


3 


7 


20 


7432 


3 


32 


21 




3 


7 


22 


3 


761 


7 


23 


75 


4321 


7 


24 


4321 


432 




25 


1 




7 


26 


432 431 


7 


27 


431 43 


7 
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3 to ctr, 5 

iiix^ + 3)x^ - 0.75)x^ - 22)x^ to ctr. 5; ctr. 5 = F 

F to punch ctr. 
n 



F by multiplication to ctr. 6 

- F„ by differences to ctr. 6 

zero check tolerance to check ctr. 72 

j-n ^nj - ""-- --^- '- 
check 

initiate pxinching; continue operation, but complete punching 
before reading into punch ctr. 



F_ to ctr. 8 

11 

aF . to ctr. 9 
n-1 
2 
A F o to ctr. 10 
n-^ 

A^F „ to ctr. 11 
n-o 

Xjj for serial number to punch ctr. 
1 in 1st machine column to punch ctr. 
initiate mmchins and continue ooeration 



Line 


OUT 


IN 


MISC. 


28 


31 


31 


7 


29 


74321 


31 




30 




31 


7 


31 


31 


753 




32 


32 


32 


7 


33 


31 


32 


7 


34 


43 


32 


732 


35 743 


74 


7 


36 32 


74 


71 


37 74 


74 


64 


38 


4 


4 


751 


39 


41 


41 


7 


40 


42 


42 


7 


41 


421 


421 


7 


42 


43 


4 




43 


431 


41 


7 


44 


432 


42 


7 


45 


4321 


421 


7 


46 


7 


753 




47 


743 


753 




48 






75 


49 
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Operating Instructions 



(1) Set switches as listed on page 293, addii^ switch 8 - 0.000 000 24. Punch the values set in the 
switches and compare the punched values with the list of switch settii^s. 

(2) The quantities pimched under control of the main tape are the values of F(Xjj), Each card is to 
be identified by a serial munber consisting of the argxmient, x^^, punched in card columns 74-77 
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and a one, the code for F(x), in card column 80, All cards punched are to be placed in the 
drawer provided for this purpose, 

(3) Five cards, labeled "starting cards", must be placed in card feed I. These cards are identified 
by the serial numbers 495001, 496001, 497001, 498001 and 499001. 

(4) Run starting tape. When cards run out, turn off card feed control switch and restart calculator. 
If the starting tape is completed correctly, the sequence mechanism will stop on a blank line of 
tape. 

(5) If the check, on line 35 of the starting tape fails, the calculator will stop on line 36, reading 
(7, 7, 7). The starting cards must be refed and the starting tape rerun. If the check continues 
to fail, the coimters used in the difference computation (ctrs, 1 throv^h 15) and switch 8 must 
be tested, 

(6) Run main control tape. If no failures occiir, continue running until the card for F(9.99) has 
been pimched^ then press the stop key. 

(7) If the check on line 37 of the main tape fails, the tape must be rolled back to line 4, marked 
"Rerun line", and the computation repeated. 

(8) If the check continues to fail, the computation should be re-established using the following pro- 
cedure for Xj^: 

(a) five cards from those pimched imder control of the main tape must be placed in card feed I; 
these cards are identified by the arguments x^^.g, x^^.^, x^.g, x^^.g, J^.^, in that order, 
punched in card columns 74-77 and a one in card column 80; 

(b) switches 9, 10 and 11 must be set to the values indicated in the list on page 293; 

(c) the starting procedure must be repeated and the computation continued irnder control of the 
main tape . 

(9) Repeated failure of the check imder the roll back procedure of instruction (7) but correct oper- 
ation under the procedure of instruction (8) probably indicates that the difference computation 
is the source of error. 

(10) If it is desired to rim the computation for any arbitrary value of the argument, the procedure 
of instruction (8) may be used. 

(11) The maximum time for each revolution of the control tape may be computed as follows: 

accumulate arguments 3 

three multiplications 30 

check procedure 6 

pimching F(x) 10 

punching serial nimiber _3 

52 cycles = 15.6 seconds. 

(12) The first card pimched imder control of the main sequence tape will be F(5.00) = 874.25 with 
the serial number 500001. 

Plugging Instructions 

(1) Plug the multiply miit for the standard position of the operating decimal point (see page 247). 
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/<1\ rtl..^ 4-^^ 0%.ninA rainnK no in ortrrtrnvA fi t (tsack noero 9Qft\ 

\£if x'xC^ mc \,a,xxi p«^iiv>u 0.0 xu &j%AI^±jj^%: * \Ow*i< ^m.^^ ••wv/. 

(3) Pli^ card feed I direct (see page 272). 

Example 4 , It is required that the function, 

U(x) = (x2 - ir3/2, 
be tabulated in the interval 5 i x ^ 10, with a x = 0.01, using an iterative process. It is further re- 
quired that the values of U(x) be in error by less than 5 x 10"^^ and that the computation be completely 
checked. The values of U(x) are to be pimched in tabulating machine cards for use in further compu- 
tation. Each card must be identified by a serial number consisting of the argument, x^^, punched with 
decimal point between card columns 75 and 76 (machine columns 5 and 6) and a two in card column 80 
(2 in 1st machine column). It is not required to print the values of U(x), One value of U(x) is to be 
computed durii^ each revolution of the control tape. The tape is to be designed so that it may be 
rolled back and rerun without any additional manipulations. The starting tape is to be designed so 
that it may be used to re-establish the computation for any arbitrary value of the argument. 

The value of U(x) = U(x , ) = U , determined for the argument, x^ . , will be used as the 
n-i n-i n-i 

first approximation to U(Xn) = U^. The value of Ujj will be obtained by the iterative formula, 
4Un.l(Nn + N^-l) 



TT _ 



"n-l'Nn * Vl'' * ^N„ 



where x = x^^ + ax , 



NnMx2-l)3 



and u2 = 1/N„ . 

The error after one application of the iterative formula is 

«1 = ^oV /S' 
where e^ = U^_j - U^ . 

It can be shown that one application of the iterative formula will ^ve an error in U(x) of less than 
2.7 X 10"^^, slightly better than the accuracy reqiiired. 

The computation of xj will be checked by use of the identity. 
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X^ = X^ , +2X .AX+AX^ 

n n-1 n-1 



The computation of N^ = (x^ - 1)^ will be checked by comparing it with the value of 



^'^'■^-K^^^l--'- 



The quantities U^^N^^ and Nj^U^^ will be computed and compared with each other. Finally, the value of 



\J^ will be checked by means of the identity, 



The operating decimal point will be assumed to lie between columns 15 and 16 and division will be 
plugged for 14 comparisons. The switch settings required by the starting tape and the main control 
tape are given in the following table. 



Switch Settings 



No. 



1 
2 

4 
7 
9 

11 

12 
13 
14 

15 
16 



Code 



741 
742 

743 

74321 

751 

7521 

753 

7531 

7532 

75321 
754 



Setting and Purpose 



A X = 1 in 14th machine column; increment of argument for computing 

AX = 1 in 4th machine column; increment of argument for punch card serial 
numbers 

1 in 1st machine column; zero check tolerance 



Xn_i = argument for computing; decimal point between columns 15 and 16; 
used in starting tape only 

^n-1 = argument for punch card serial numbers; decimal point between col- 
umns 5 and 6; used in starting tape only 

——2 

Ax^ = 1 in 12th machine column 

2 in 1st machine column; code for U(x) 

Xn.2'^'^ = Xj^_2 with decimal point between columns 13 and 14; used in start- 
ing tape only 



6 in 8th machine column; tolerance on check of U_ 



Starting Tape 

X . to MC 
n-1 



Line 


OUT 


IN 


MISC. 


1 


751 


761 


7 


2 


1 


1 


7 
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X . to ctr. 1 
n-1 



^-1 



to MP 



- 1 to ctr. 18 



^n-1 *° ^^^' ^^ 



xl_i to ctr. 18; ctr, 18 = x^_^ - 1 



(xf . - 1) to MC 



^n-1 ^° ^^^* ^ 
(3^_1 - 1) to MP 

X 2'^'^ to ctr. 17 



(x2_j - 1)2 to MC 



(x^_l - 1) to MP 



(xf ^ - 1)^ to ctr. 20; ctr. 20 = N^ ., 

U„ 1 to ctr. 25 from card feed I 
n-i 



Line 


OLTT 


IN 


MISC. 


3 


751 


1 




4 


751 




7 


5 


7 


7 


7 


6 


52 


52 


7 


7 


75321 


52 


732 


8 


5 


5 




9 




5 


7 


10 


5 


52 


7 


11 


52 


761 


7 


12 


74 


74 


7 


13 


7521 


7 




14 


52 




7 


15 


51 


51 


7 


18 


7532 


51 


17 


17 






7 


18 


521 


521 




19 




521 


7 


20 


521 


761 


7 


21 






7 


22 








23 


52 




7 


24 






7 


25 






7 


26 


541 


541 


7 


27 


53 


53 




28 




53 


7 


29 




541 


7632 
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Ujj_i to MC 



Njj_j to MP 



Main Control Tape 

AX to ctr. 1; ctr, l=x .+ax=x 
n-i n 

AX to ctr. 64; ctr. 64 = x^ . + ax = x 

n-i n 

Ax^ to ctr. 17; ctr. 17 = x^.2Ax + ax^ = x .ax 
Xj^ to MC 



Renin line 



x„ . to ctr, 4 
n-l 

X to MP 

n 

Xj^_jAx to ctr. 4 



- 1 to ctr. 18 



x^ to ctr. 3 

x^ to ctr. 18 

(x^ - 1) to MC 

Xjj_jAx to ctr, 4 

Ax^ to ctr. 4; ctr. 4 = x J 



Line 


OUT 


IN 


MISC. 




30 


541 


761 


7 




31 






7 




32 










33 


53 




7 




34 






7 




35 






7 




36 






7 




37 


542 


542 






38 

1 




542 


7 








1 


741 


1 


7 




2 


742 


7 


7 




3 


753 


51 


7 




4 


1 


761 


7 




5 


3 


3- 


7 




6 


5 


3 






7 


1 




7 




8 


51 


3 


7 




9 


52 


52 


7 




10 


75321 


52 


732 




11 


21 


21 






12 




21 


7 




13 


21 


52 


7 




14 


52 


761 


7 




15 


51 


3 


7 




16 


753 ; 

,„ 


J 
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(x^ - 1) to MP 



x^ to ctr. 6 
- xj to ctr. 6 



(x^ - 1)2 to ctr. 19 
/^2 _ 1 \2 t„ MP 

zero check tolerance to check ctr. 72 



(x^ - 1) to MP 



- 3 to ctr. 21 

x^ to ctr. 21 
n 



/^2 _ n3 to ptr- 20: ctr. 20 = N_ 
(x? - 3) to MC 



x^ to MP 
3 to ctr. 22 

_ t ^ ^ x^ I to cbecif ctr, 72 
I ^n "n I 

check 



(xj - 3)x^ to ctr. 22 

(x2 - 3)x2 + 3 to MC 
^ n n 
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x^ to MP 



- 1 to ctr. 23 

((3^ - 3)x2 + 3)x2 to ctr. 23; ctr. 23 = N 



U . toMC 
n-i 



U ,N 1 to ctr. 27 
n-i n-1 



N to MP 
n 



N to ctr. 4 
n 

N to ctr. 4 

N to ctr. 4 

U 1 N to ctr. 27 
n-l n 

U .(N +N J toMC 

N to ctr. 4; ctr. 4 = 4N 
n n 



U„ i(N„ + N„ J to MP 
n-l n n-l 

U„ i(N„ + N ,) to ctr. 5 
n-l n n-l 

U„ i(N„ +N„ J to ctr. 5 
n-l n n-l 

U„ i(N„ + N„ J to ctr. 5 
n-l n n-l 

\-lK ' Nn.i) to ctr. 5; ctr. 5 = 4U^.i(N„ + N^.^) 

Un^-l(Nn^N„.l)^toctr.4 

Un-A + Vi)2+4N^toDR 



Line 


OUT 


IN 


MISC. 


44 


21 




7 


45 






7 


46 






7 


47 


5321 


5321 


7 


48 


75321 


5321 


32 


49 




5321 


7 


50 


541 


761 


7 


51 


5421 


5421 


7 


52 


542 


5421 




53 


53 




7 


54 


3 


3 


7 


55 


53 


3 


7 


56 


53 


3 


7 


57 


53 


3 




58 




5421 


7 


59 


5421 


761 


7 


60 


53 


3 


7 


61 


31 


31 




62 


5421 




7 


63 


5421 


31 


7 


64 


5421 


31 


7 


65 


5421 


31 


7 


66 


5421 


31 




67 




3 


7 


68 


3 


76 


7 


69 


321 


321 


7 


70 
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4U JN +N J toDD 
n-1 n n-1 



N to ctr. 6 
n 

- N to ctr. 6 
n 

zero check toJerance to check ctr, 72 



- N - N to check ctr. 72 
In nl 

check 



U to ctr. 7 
n 

U toMC 
n 



N to MP 
n 



U N to ctr. 12 
n n 

N toMC 
n 



Line 


OUT 


IN 


MISC, 


71 


31 




^ 


72 






7 


. 73 






7 


74 






7 


75 






7 


76 






7 


77 






7 


78 






7 


79 


32 


32 


7 


80 


53 


32 


7 


81 


5321 


32 


732 


82 


743 


74 


7 


83 


32 


74 


71 


84 


74 


74 


64 


85 


I32I 




86 




321 


7 


87 


321 


761 


7 


88 






7 


89 








90 


53 




7 


91 






7 


92 






7 


93 






7 


94 


43 


43 




95 




43 


7 


96 


53 


761 


7 


97 






7 
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U to MP 
n 

- 1 to ctr. 14 



U N to ctr. 6 
n n 



N U to ctr. 13 
n n 

U toMC 
n 

-N U to ctr. 6 
n n 



zero check tolerance to check ctr. 72 



UN to MP 
n n 



- I UN - N„U I to check ctr. 72 
n n n n 

check 



U^Njj to ctr. 14; ctr. 14 = U^N^^ -1 

tolerance on U to check ctr. 72 

-|u^N^ - 1 I to check ctr. 72 

check 

U to punch ctr. 

initiate punching 



X to ctr. 16 
n 



U to ctr. 25 
n 



U^Njj to ctr. 26 

X for serial number to punch ctr. 
n 



Line 


OUT 


IN 


MISC. 


98 


432 


432 




99 


321 




7 


100 


75321 


432 


732 


101 


32 


32 


7 


102 


43 


32 


7 


103 


431 


431 




104 




431 


7 


105 


321 


761 


7 


106 


431 


32 


732 


107 


743 


74 




108 


43 




7 


109 






7 


110 


32 


74 


71 


111 


74 


74 


64 


112 




432 




113 




432 


7 


114 


754 


74 


7 


115 


432 


74 


71 


116 


74 


74 


64 


117 


321 


753 




118 


5 


5 


751 


119 


21 


5 


7 


120 


541 


541 


7 


121 


321 


541 


7 


122 


542 


542 


7 


123 


43 


542 




124 


7 


753 
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Line 


OUT 


IN 


MISC, 


125 


7531 


753 




126 






75 


127 






87 



2 in 1st machine column to punch ctr.; code for U(x) 
initiate pxmching and continue operation 

Operatii^ Instructions 

(1) Set switches as listed on page 305. Punch the values set in the switches and compare the punched 
values with the list of switch settings. 

(2) The quantities punched under control of the main tape are the values of U(x ). Each card is 
identified by a serial number consisting of the argument, x , pvinched in card columns 74-77 
and a two, the code for U(x), in card column 80. All cards pimched are to be placed in the 

(3) One card labeled, "starting card", followed by a blank card, must be placed in card feed I, This 
card is identified by the serial number 499002. 

(4) Run starting tape. When cards run out, turn off card feed control switch and restart calculator. 
When the starting tape is completed, the sequence mechanism will stop on a blank line of tape. 

(5) Run main control tape. If no failures occur, continue running imtil the card for U(9.99) has 
been punched, then press stop key. 

(6) If any of the checks in the main tape fail, the tape must be rolled back to line 4, marked "Rerim 
line", and the computation repeated. 

(7) The following checks are included in the main control tape. 



Lines 


Quantity Checked 


Tolerance 


24, 37-38 


Xj^ - Xjj from ctr. 6 


1 in 1st machine column from sw. 4 


82-84 


Nj^ - Nj^ from ctr. 6 


1 in 1st machine column from sw. 4 


107, 110-111 


UnNn-NnU„fromctr.6 


1 in 1st machine column from sw, 4 


114-116 


U^N^ - 1 from ctr. 14 


6 in 8th machine column from sw. 16 



(8) If a check repeatedly fails, the quantities involved in the computation being checked should be 
pimched in cards, and manual computations used to assist in tracing the source of error. 

(9) If it is desired to rim the computation for any arbitrary value of the argument, x , or to re- 
establish operation after tests have been made and counters distiirbed, the following steps must 
be taken: 

(a) a card from those punched imder control of the main tape, followed by a blank card must be 
placed in card feed I; this card is identified by the argument, Xjj_< , punched in card col- 
umns 74-77 and a two in card column 80; care must be taken to replace this card properly 
after it is used; 
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(b) switches 9, 11 and 14 must be set to the values indicated in the switch list on page 305; 
(c; the starting procedure must be repeated and the computation continued under control of the 
main tape, 

(10) The maximum time for each revolution of the control tape may be computed as follows: 

accumulate arguments 3 

additions 5 

multiplication by Xj^ 10 

4 multiplications by x§ and x^ - 1 48 

2 multiplications by N^ 36 

multiplication by Ujj 15 

multiplication by U^.^CN^ + N^.i) 18 

division to 14 comparisons 34 

multiplication by UjjNn 18 

punching U(x) 10 

punching serial number 3 

200 cycles = 60 seconds. 

Plugging Instructions 

(1) Plug the multiply unit for the standard position of the operating decimal point (see page 247). 

(2) Plug the divide unit for 14 comparisons using the blank code as shown in the following diagram, 

MP-DIV PLUGBOARD 

Row 1 Aoooo 00000 0*000 00000 00000 

25 20 15 10 5 

Set divide switch to 07. 

(3) Plx^ the card punch as in example 1 (see page 296). 

(4) Plv^ card feed I direct (see page 272). 



Example 5. The output cards containing F(x) and U(x) as obtained in examples 3 and 4 are to be fed 
to the calculator to form the function, 

f(x) = F(x) . U(x) . 
It is required that a two column table be printed consisting of the argument, Xj,, followed by the 
values of f(x^). The values of f(x^) are to be printed to six decimal places, the digits being grouped 
by threes to the right and left of the decimal point. The lines of the table are to be spaced in vertical 
groups of five lines. The quantities F(x) . U(x) and U(x) . F(x) are to be computed and compared 
with each other. The print counter read-out is to be checked. It will not be required to punch the 
values of f(x) in tabulating machine cards. This could be done, however, without loss of time. 
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X i to ctr. 1 
n-l 



Line 


OUT 


IN 


MISC, 


1 


1 


1 


7 


2 


751 


1 


7 



Main Control Tape 

AX to ctr. 1; ctr. 1 = x^^.j + ax = Xj^ 

Xn to print ctr . I 

initiate printing 



F(x) to ctr, 35 from card feed I 
U(x) to ctr, 36 from card feed n 
F(x) to MC 



U(x) to MP 

zero check tolerance to check ctr , 72 

f(x) = F(x)U(x) to ctr. 37 
U(x) to MC 
reset print ctr, I 

F(x) to MP 

f(x) to print ctr, I 

f(x) from print ctr, I to ctr. 39 

- f(x) from ctr, 37 to ctr, 39 



Rerim line 



1 


741 


1 




2 


1 


7432 




3 


87 


752 


76 


4 


621 


621 


7 


5 


63 


63 


7 


6 




621 


7632 


7 




63 


76321 


8 


621 


761 


7 


9 


631 


631 


7 


10 


632 


632 




11 


63 




7 


12 


6321 


6321 


7 


13 


74 


74 


7 


14 


743 


74 


7 


15 


64 


84 




16 




631 




17 


63 


761 


7 


18 


842 




7 


19 








20 


621 




7 


21 


631 


7432 




22 


862 


6321 


7 


23 


631 


6321 


732 
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f(x)toctr.40 

- |f(x) - f(x) I to check ctr. 72 

check of print ctr. I read-out 

f(x) = U(x)F(x) to ctr. 38 

zero check tolerance to check ctr. 72 

-f(x) toctr.40 

-|f(x) - f(x) I to check ctr. 72 

check multiplication 

initiate printing 



Line 


OUT 


IN 


MISC. 


24 


631 


64 


7 


25 


6321 


74 


71 


26 


74 


74 


64 


27 




632 




28 




632 


7 


29 


743 


74 


7 


30 


632 


64 


732 


31 


64 


74 


71 


32 


74 


74 


64 


33 




752 


76 


34 
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Operating Instructions 

(1) Set switches as listed. Punch the values set in the switches and compare the punched values 
with the list of switch settings . . 

Switch Settings 



No. 


Code 


Setting and Purpose 


1 
4 
9 


741 
743 
751 


A x = 1 in 14th machine column; increment of argument for printing 

1 in 1st machine column; zero check tolerance 

x . = argument for printing; decimal point between columns 15 and 16; 
used in starting tape only 



(2) Card feed I must contain the cards for F(x), identified by the code 1 in the 80th card column. 
Card feed n must contain the cards for U(x), identified by the code 2 in the 80th card column. 
Care must be taken that the cards in each feed contain identical serial numbers in card col- 
umns 74-77. One card is fed from each feed during each revolution of the control tape. The 
first cards fed must contain the serial numbers 500001 and 500002 for card feeds I and II, 
respectively. 

(3) Run starting tape. When the starting tape is completed, the sequence mechanism will stand on 
a blank line of tape. 

(4) Start main control tape. The sequence mechanism will stop on line 2. Press start key and con- 
tinue operation. If no failures occur, continue running until the argument 10.00 has been print- 
ed, then press stop key. 



316 



SOLUTION OF EXAMPLES 



1^5^ If the check on line ^6 fEils^ the print counter read-oui. Snoulu uB tescGu. ii me s».orage couRvers 

4. JH^i-.^'U.^J 4-1.^ 4-~«<. »«» l-U^— 'U^ ~^11»J \^nrttr 4-n 1jnr\ Q n-ni^ ^Vkt\ n<^nimif of i <-kn '»Ar-t£>Q't-£M4 

<tX C IlUl UIOLUXUCU; WIC Uiyc Xlidjr UiCll UC X tJXXCU lwia.V#n. HJ XUI^ u a.xiu wic v^v/uxj^u<.c<.vi.uxi. ^ x^^v^ufv^x* , 

(6) If the check on line 32 fails, the mtdtiply imit should be tested. If the storage counters are not 
disturbed, the tape may then be rolled back to line 8 and the computation repeated. 

(7) If storage counters have been disturbed by testing, the computation must be re-established 
visii^ the following procedure for the argument, x^: 

(a) card feed I must contain the cards for F(x), (code 1 in the 80th card column), the first 
card containing the serial number x^^ in card columns 74-77; 

(b) card feed n must contain the cards for U(x), (code 2 in the 80th card column), the first 
card containing the serial number x in card columns 74-77; 

(c) switch 9 must be set to x _, , the value indicated in the switch list; 

(d) the starting procedure must be repeated and the computation continued vmder control of the 
main tape; 

(e) the t3^ewriter vertical spacing must be checked and properly reset, 

(8) The maximum time for each revolution of the control tape may be computed as follows; 

print argument 14 

mviltipli cation by U(x) 15 
check f(x) 4 

print f(x) 14 

47 cycles = 14.1 seconds. 

Pli^gir^ Instructions 

(1) Plug the multiply unit for the standard position of the operating decimal point (see page 247). 

(2) Plug the card feeds direct (see page 272). 

(3) Plug t3rpewriter I as shown in the diagram below. 

DP TAB FUNCTIONAL PLUGBOARD 



Row 1 i o o o o •— •— •^ 



R TAB _ 
Row 2 f o o o i 



x\uw o u u u u u 



• * O O O 

'^0 



20 



Row 4 o • 4 • » 
24 

C 
Row 5 •— • 

2524 20 



SPACES 





5 I I rio 





25 



15 



/ 



O 

30 



u u u 



y 



VJ \J 

40 



LO. j: 



15 r 





35 



o o 



\j \j \j \/ yj \j 

45 



-•0000 0000 

10 5 



O OOOOO 00000 00000 

15 10 5 



Row 6 ioooo OOOOO ooooo ooooo ooooo 
2524 20 15 10 5 

Row 18 ooooo ooooo ooooo ooooo oooo»- 

2 1 



TYPEWRITER I 



COL-SEL 



PRINT CTR RO 



RO-RELS 
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FUNCTIONAL PLUGBOARD 



Row 38 00000 00000 ooooo oooo«ooooo 



98765 4321 10 98765 



4 3 2 1 10 



Row 39 ooooo ooooo ooooo oooot ooooo 

R R 



Example 6. It is required that a single main control tape be designed to compute, 

f(x) = F(x) . U(x), 
as defined in example 5. It is further required that the valiiesof f(x) be in error by less than 5x10"^^ 
and that the computation be completely checked. The values of f(x) are to be punched in tabulating 
machine cards for use in further computation. Each card must be identified by a serial number con- 
sisting of the argument, x^^, punched with decimal point between card columns 75 and 76 and a three 
in the 80th card column. It is not required to print the values of f(x). One value of f(x) is to be com- 
puted dxiring each revolution of the control tape. The tape is to be designed so that it may be rolled 
back and rerun without any additional manipidations . The starting tape is to be designed so that it 
may be used to re-establish operation for any arbitrary value of the argument. 

Since F(x)< 2 x 10 , U(x) must be in error by less than 2.5 x 10'^^, in order that f(x) be cor- 
rect to the required accuracy. Two applications of the iterative process will be necessary to provide 
the desired accuracy in U(x) , 

In order to provide for rervmning and re-establishing the computation, it will be necessary to 
punch cards containing F(x) and U(x) during each revolution of the tape. Thus the main control tape 
will combine the tapes of examples 3, 4 and 5. The starting tape will combine the essential features 
of the starting tapes of these examples. The interweaving of the coding of these tapes is left as a 
problem for the reader. 

The computation as performed by the three separate tapes would require: 

computation of F(x) 15.6 

computation of U(x) 

(including two iterations) 86.4 
computation of f (x) 14.1 

116.1 seconds . 

The computation as performed by a single control tape shovild not require more than 98 seconds. 
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Example 7, JjCi it oe assximea thai ine fiincuuu, i\a; v,w6*^*»»«^w *" cAampxc «/, udo kK::e» •k»^*».4»~!.~" » — 
an error of less than 4 x lO'^O^ o^er the interval 4.99 sxs 10.02, with ax = 0.01, and punched in 
tabulating machine cards. The cards have been punched with serial numbers, equal to x^^ with deci- 
mal point between card columns 22 and 23. It Is now required to compute, check and print the values 

of the integral, r^n 

I(x)=^ f(x)dx, 

over the interval 5 s x s 10. It is further required that a two column table be printed consisting of 
the argument, x^^, followed by the values of I(x^). The lines of the table are to be spaced in vertical 
groups of five lines. 

The approximate quadrature formulae, 

Al =/"" f(x)dx = (-f„_i + 8fn + 5fn^i)Ax/12 + R, 
'Si-i 

II =^''" f(x)dx = (5f„ + Bf^^i - f„^2) ^^/12 - R. 

n-1 . 

where R =ax i ( ^ ;/^4, 

in the interval 4.99 s ^ s 10.02, may be used since for the given f(x), R < 6.66 x 10" . Hence the 
error in the integral 1(10) wiU be less than 3.4 x 10"^ The values of I(x) will be printed to eight 
decimal places, with a half-correction in the ninth place, making the tabular values in error by less 
than 4 x 10"^. The digits will be grouped by fours to the right and left of the decimal point. Each 
revolution of the main control tape wiU compute and compare the quantities a I and a! . The values 
of A I will be used to accumulate the values of I(x). The serial numbers of the cards supplying f(x) 
WiU be checked. The print counter read-out and the half-correction will be checked before the tabular 
values are printed on typewriter H. Typewriter I will print the argument, the value of the integral 
-_j ♦u« Mtt^^^r,^^ A T _ rf KofnT-A thp rhAcks are comoleted in order to provide information in case 
of machine failure. In order to provide for rerunning and re-establishing the computation, if neces- 
sary, the values of I(x) will be punched in tabulating machine cards. The values set in the switches 
are listed imder the operatii^ instructions. 
Starting Tape 



x^ 1 to ctr. 1 



Line 


OUT 


IN 


MISC. 


1 


1 


1 


7 


2 


751 


1 


7 
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f . + X . to ctr. 2 from card feed I 
n-1 n-1 

fn 1 +x„ , to SIO ctr. 
n-i n-1 



f . to ctr. 16 
n-1 



Xj^_j to ctr, 3 

x„ - to ctr, 64 
n-1 

- x^ . to ctr. 3 
—n-1 

zero check tolerance to check ctr. 72 

" ^n-1 ■*" -n-1 ^° check ctr. 72 
check 



fjj + Xjj to ctr. 2 from card feed I 
fjj + Xjj to SIO ctr. 



fjj to ctr. 17 



X to ctr. 3 
n 

- X ^ to ctr. 3 
-n-l 

- 1 in 1st machine column to ctr. 3 
zero check tolerance to check ctr. 72 

- x^ - x^_^ - 1 to check ctr. 72 
check 



f ^ to MC 



Line 


OUT 


IN 


MISC. 


3 


2 


2 


7321 


4 




2 


7632 


5 


2 


874 


7 


6 


5 


5 


7 


7 


874 


5 


7 


8 


21 


21 


7 


9 


84 


21 


7 


10 


7 


7 


7 


11 


7521 


7 


7 


12 


7 


21 


732 


13 


74 


74 


7 


14 743 


74 


7 


15 21 


74 


71 


16 74 


74 


64 


17 


2 


2 


7321 


18 




2 


7632 


19 


2 


874 


7 


20 


51 


51 


7 


21 


874 


51 


7 


22 


21 


21 


7 


23 


84 21 


7 


24 


7 


21 732 1 


25 


743 


21 


732 


26 


743 


74 


7 


27 


21 


74 


71 


28 


74 


74 


64 


29 


51 


761 


7 
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f to ctr. 5 
n 

5 to MP 



f to ctr. 5; ctr. 5 = 2f „ 
n n 

f to ctr. 5; ctr. 5 = 3f 
n n 

f^ to ctr. 5; ctr. 5 = 4!^^ 



5f to ctr. 4 
n 

f to ctr. 5; ctr. 5 = 5f 
n n 



5f to ctr, 6 
n 

- 5f to ctr. 6 
n 



zero check tolerance to check ctr. 72 



of - 5f to check ctr, 72 
n n I 



check 



5f to ctr. 18 
n 

f toMC 
n 

f to ctr, 5; ctr. 5 = 6f_ 
n " 

t^ to ctr. 5; ctr. 5 = If^ 
8 to MP 



i^ to ctr. 5; ctr. 5 = 8fjj 



8f to ctr. 6 
n 



Bf to ctr. 4 
n 

- Bf to ctr. 6 
n 



Line 


OUT 


IN 


MISC. 


30 


31 


31 


7 


31 


51 


31 




32 


7541 




7 


33 


51 


31 


7 


34 


51 


31 


7 


35 


51 


31 


7 


36 


3 


3 




37 




3 


7 


38 


51 


31 


7 


39 


32 


32 


7 


40 


31 


32 


7 


41 


3 


32 


732 


42 


743 


74 


7 


43 


32 


74 


71 


44 


74 


74 


64 


45 


52 


52 


7 


46 


3 


52 


7 


47 


51 


761 


7 


43 


51 


31 


7 


49 


51 


31 




50 


7542 




7 


51 


51 


31 


7 


52 


32 


32 


7 


53 


31 


32 


7 


54 


3 


3 




55 


II 


3 


7 


56 


3 


32 


732 
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zero check tolerance to check ctr. 72 
- I 8f jj - Bfjj I to check ctr. 72 



check 



Bf^ to ctr. 19 



fjj^j^ + X J to ctr. 2 from card feed I 

f i + X ^ to SIO counter 
n+1 n+1 



Wl *° ^^^- ^^ 

X to ctr, 3 
n+1 

- x^ 1 to ctr, 3 
— n-i 

- 1 in 1st machine column to ctr. 3 

- 1 in 1st machine colimin to ctr. 3 
zero check tolerance to check ctr, 72 



-X .-X ^-1-lto check ctr. 72 
I n+1 ~n-i I 

check 



I(Xjj_j) + Xjj_j to ctr. 2 from card feed II 
^^^-1^ "*" ^n-1 *° ^^^ counter 

l{Xj^_i) to ctr. 21 

x„ . to ctr. 3 
n-i 

- x„ 1 to ctr. 3 

zero check tolerance to check ctr. 72 



Line 


OUT 


IN 


MISC. 


57 


743 


74 


7 


58 


32 


74 


71 


59 


74 


74 


64 


60 


521 


521 


7 


61 


3 


521 


7 


62 


2 


2 


7321 


63 




2 


7632 


64 


2 


874 


7 


65 


53 


53 


7 


66 


874 


53 


7 


67 


21 


21 


7 


68 


84 


21 


7 


69 


7 


21 


732 


70 


743 


21 


732 


71 


743 


21 


732 


72 


743 


74 


7 


73 


21 


74 


71 


74 


74 


74 


64 


75 


2 


2 


7321 


76 




2 


76321 


77 


2 


874 


7 


78 


531 


531 


7 


79 


874 


531 


7 


80 


21 


21 


7 


81 


84 


21 


7 


82 


7 


21 


732 


83 


743 


74 


7 
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- I X ^ - X J to check ctr. 72 
n-1 -n-l| 

check 



- X ^ to ctr, 2 
n-1 

X 1 to LIO ctr. 
-n-1 

X ^ to ctr, 2 
-n-1 

zero check tolerance to check ctr. 72 



- - X < + X - to check ctr . 72 
I n-1 -n-1 I 

check 



Main Control Tape 

AX to ctr, 1; ctr. 1 = :^_j + ax = Xj^ 

x„ to print ctr, I 
n 

print with argument control 

^n+2 "^ ^+2 to ctr. 15 from card feed I 
f^^ltoMC 



- f„ - to ctr. 6 
n-1 

5 to MP 



8f„ to ctr. 6 
n 



Rerun line I 



Rerun line II 



5f , to ctr. 4 
n+i 

X to print ctr. 11 



Line 


OUT 


IN 


MISC. 


84 


21 


74 


71 


85 


74 


74 


64 


86 


2 


2 


763 


87 


1 


2 


732 


88 


7 


765421 


7 


89 


831 


2 


7 


90 


743 


74 


7 


91 


2 


74 


71 


92 


74 


74 


64 


93 






7 




1 


741 


1 


7 


2 


1 


7432 




3 


87 


752 


76 


4 


4321 


4321 


7 


5 




4321 


7632 


6 


53 


761 


7 


7 


32 


32 


7 


8 


5 


32 


32 


9 


7541 




7 


10 


521 


32 


7 


11 


432 


432 


7 


12 


321 


321 


7 


13 


3 


3 




14 




3 




15 


1 


74321 
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print with argument control 

^n+1 to MC 

^^n+1 *° ^^^' ^ 
5fjj to ctr. 7 

8 to MP 

^n+2-^^n+2 ^ SIO ctr. 



f^^2toctr.3 



8f . to ctr. 5 
n+1 

- 1 in 1st machine column to ctr. 14 
(- ^-1 + 8f„ + 5f„^i) to MC 
8f„^ltoctr.7 

- ^n+2 *° <^t^- '^ 
Ax/12 to MP 

- 1 in 1st machine column to ctr. 14 

AX to ctr. 64; ctr. 64 = x^_j + ax = x^^ 

- x^ to ctr. 14 

zero check tolerance to check ctr. 72 



I(x^_j) to ctr. 11 



Al(Xjj) to ctr. 8 



Al(x ) to ctr. 11; ctr. 11 = I(x ) 
" n 

I(Xjj) to print ctr. I 



Line 


OUT 


IN 


MISC. 


16 


87 


7521 


7 


17 


53 


761 


7 


18 


3 


32 


7 


19 


52 


321 




20 


7542 




7321 


21 


4321 


874 


7 


22 


21 


21 


7 


23 


874 


21 


7 


24 


31 


31 




25 




31 


7 


26 


743 


432 


732 


27 


32 


761 


7 


28 


31 


321 


7 


29 


21 


321 


32 


30 


75421 




7 


31 


743 


432 


732 


32 


84 


432 


7 


33 


742 


7 


7 


34 


7 


432 


732 


35 


743 


74 


7 


36 


421 


421 


7 


37 


531 


421 


7 


38 


4 


4 




39 




4 


7 


40 


4 


421 


7 


41 


421 


7432 




42 

1 n 





752 


76 
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(5fn ^ «^n.l - V2> ^° ^^ 



Ax/12 to MP 

I(x ) to ctr. 12 
n-1 



I(x ) to ctr- 13 
' n' 



-Ixo-x -l-llto check ctr. 72 
I n+2 -n I 

check 

aI to ctr. 9 

- Al to ctr. 10 

A T - aI to print ctr. I 

print 

tolerance on a I to check ctr. 72 

- aI - aI to check ctr. 72 
check 

Al to ctr. 12; ctr. 12 = l(^) 

I(x ) to ctr. 2 
n 

- 1^5 to ctr. 2 

tolerance on a I to check ctr. 72 
- 1 I(Xjj) - i(x^) I to check ctr. 72 
check 



Line OUT 


IN 


MISC. 


43 321 


761 


7 


44 41 


41 


7 


45 43 


43 




46 75421 




7 


47 531 


43 


7 


48 431 


431 


7 


49 421 


431 


7 


50 42 


42 


7 


51 4 


42 


7 


52 


432 


74 


71 


53 


74 


74 


64 


54 




41 




55 




41 


7 

[ 


56 


41 


42 


32 


57 


42 


7432 




58 




752 


7 


59 


7543 


74 


7 


60 


42 


74 


71 


61 


74 


74 


64 


62 


41 


43 


7 


63 


2 


2 


7 


64 


421 


2 


7 


65 


43 


2 


732 


66 


7543 


74 


7 


67 


2 


74 


71 


68 


74 


74 


64 


69 


5 


5 


7 
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f to ctr. 16 
n 



f , to ctr. 17 
n+1 



Sfjj^j to ctr. 18 



^*n+l *° ctr. 19 



f ^2 ^o ctr. 20 



I(x^) to ctr. 21 

reset print ctr. II 

I(Xjj) to print ctr. II 

half -correction to print ctr . II 



I(x ) + half -correction to ctr, 2 

- half-correction to ctr . 2 

- I(x ) to ctr. 2 

n 

zero check tolerance to check ctr. 72 

- I I(x ) + half -correction - half-correction - I(x_,) | to check 

ctr. 72 ^ 

check 

print 



I(Xjj) to SIO ctr. 

X to ctr. 3 

I(Xjj) to ctr. 3 

I(x ) +x to punch ctr. 
n n 



Line 


OUT 


IN 


MISC. 


70 


51 


5 


7 


71 


51 


51 


7 


72 


53 


51 


7 


73 


52 


52 


7 


74 


3 


52 


7 


75 


521 


521 


7 


76 


31 


521 


7 


77 


53 


53 


7 


78 


21 


53 


7 


79 


531 


531 


7 


80 


421 


531 


7 


81 


8421 




7 


82 


421 


74321 




83 


75431 


74321 




84 


2 


2 


7 


85 


8621 


2 


7 


86 


75431 


2 


732 


87 


421 


2 


732 


88 


743 


74 


7 


89 


2 


74 


71 


90 


74 


74 


64 


91 




7521 


76 


92 


21 


21 


7321 


93 


421 


874 


7 


94 


7 


21 


7 


95 


874 


21 


7 


96 


21 


753 
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punch 

1 in 1st machine column to ctr, 71 

tolerance for end of page stop to check ctr. 72 

- number of lines to check ctr, 72 

check 



Line 


OUT 


IN 


MISC. 


97 






5 


98 


743 


7321 


7 


99 


7421 


74 


7 


100 


7321 


74 


71 


101 


74 


74 


64 


102 






7 


103 






87 



Operating Instructions 

(1) Set switches as listed in the following table. The operating decimal point lies between colimins 
16 and 17, Punch the values set in the switches and compare the punched values with the list of 
switch settings. 



Switch Settings 



No. 


Code 


Setting and Purpose 


1 


741 


AX = 1 in 15th machine column; increment of argument for printing 


2 


742 


A X = 1 in 1st machine colimm; Increment of argument for punch card serial 
numbers 


3 


7421 


5 in 2nd machine column 


4 


743 


1 in 1st machine column; zero check tolerance 


9 


751 


\_l - argument for printing; decimal point between columns 16 and 17; used 
in starting tape only 


11 


7521 


x^j = argument for punch card serial numbers; decimal point between col- 
imms 2 and 3; used in starting tape only 


17 


7541 


5 


18 


7542 


8 


19 


75421 


0.0008 3333 3333 = A x/12 


20 


7543 


tolerance on check of a I; 1 in 7th machine column, 4 in 6th machine column 


21 


75431 


5 in 8th machine column; half-correction 
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(2) The "85-1 P.U." switch and the "SIO-OUT-2 Invert Control" switch must be in the off position 
before running any part of this computation, (see page 139), 

(3) The values punched under control of the main tape are the values of I(x ). Each card is identi- 
fied by a serial number, x„, punched with decimal point between card columns 22 and 23. All 
cards punched are to be placed in the drawer provided for this purpose. 

(4) Card feed I must contain the cards for f(x). When starting, the first card fed must contain the 
serial number 0499 in card columns 1-4, When rerunnii^ for the argument, Xn, the first card 
fed must contain the serial nmnber, x__j, in card columns 1-4. Three cards are fed under con- 
trol of the startii^ tape, and one card during each revolution of the main tape. The card fed 
durii^ the revolution of the control tape for Xj^ has the serial number Xjj^2' 

(5) Card feedn is used only when startii^ and rerimning. When starting the computation, card feed 
n must contain a startii^ card and a blank card. When rerunning for the argument, Xjj, the 
card with serial number x^-i, previously punched by the main control tape, followed b^ a blank 
card must be placed in card feed n. Care must be taken to replace this card properly after it 
is used, 

(6) Run starting tape. When cards run out in card feed n, turn off card feed control switch and 
restart calculator. When the starting tape is completed correctly, the sequence mechanism will 
stop on a blank line of tape, 

(7) The checks in the starting tape are listed in the following table. 



Lines 


Quantity Checked 


Tolerance 


14-16 


serial number of 1st card from feed I 


1 in 1st machine column from switch 4 


26-28 


serial number of 2nd card from feed I 


1 in 1st machine column from switch 4 


42-44 


5fjj computed by multiplication and by 
addition 


1 in 1st machine column from switch 4 


57-59 


8f^ computed by multiplication and by 
addition 


1 in 1st machine column from switch 4 


72-74 


serial number of 3rd card from feed I 


1 in 1st machine column from switch 4 


83-85 


serial number of card from feed II 


1 in 1st machine column from switch 4 


90-92 


argument for printing 


1 in 1st machine column from switch 4 



(8) If the sequence mechanism stops on lines 17, 29, or 75 of the starting tape, the wrong cards 
have been fed from card feed I, and the starting tape should be rerun, with the cards corrected. 

(9) If the sequence mechanism stops on line 86 of the starting tape, the wrong card has been fed 
from card feed H, and the starting tape should be rerun, with the cards corrected, 

(10) If the sequence mechanism stops on line 45 or 60 of the starting tape, the failure is probably in 
the multiply unit or in counter 5, The starting tape must be rerun with the cards replaced in 
both feeds. 
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/. ^» _, .. ^- ^._i.„ .^ *., o — +uo r.»,Qf.t r>r, Mna Q** r>f thp starting tane fblank. blank, 7), 

(11) if the sequence mechanism stopS un me CiBck wx» ^^^^ ~.- -. s,ai».ii s . * . ^ • ,, _ 

^ ' ..., _ rv __ .. ^^ __j 4. 1 o cA or,^ Qtn ohniiiH hp tpstpd sinre this check compares the 

switcnes » unu ii auu uuuin-cio x, &, w^ «"*" ^*^ "- 

argument for printing with the argument for the punch card seriai numbers. 

(12) Run main control tape until the "end of page stop" check stops the machine after 50 lines have 
been printed. Reset counter 71, start new page on typewriter H and space up typewriter I. if 
no failures occur, continue running until cards run out in card feed I, turn off card feed control 
switch, restart calculator and press stop key. 

(13) The checks in the main control tape are listed in the following table. ^__^__ 



Lines 



35, 52-53 
59-61 

68-68 

88-90 



Quantity Checked 



serial number of card feed I 
A I computed two ways 

print counter IT read-out and half- correction 



Tolerance 



1 in 1st machine column from switch 4 

1 in 7th machine column, 4 in 6th ma= 
chine column from switch 20 

1 in 7th machine column, 4 in 6th ma- 
chine column from switch 20 

1 in 1st machine column from switch 4 



(14) If the sequence mechanism stops on line 54 of the main control tape, while computing for the 
argument, x , the wrong card has been fed from card feed I. The cards in card feed I must be 
checked and replaced, the card with serial number x^^2 ^^^^^ *^^ first card fed. The main con- 
trol tape must be rolled back to line 4, marked "Rerun line I", and the computation repeated. 
Typewriter I must be spaced up, and its vertical spacing checked as the computation proceeds. 

(15) If the sequence mechanism stops on line 62 of the main control tape, the tape must^be roUed 
back to line 6, marked "Rerun line 11", and the computation repeated, xjrpewruer ;^nius. ^e 
spaced up, and its vertical spacing checked as the computation proceeds Typewriter n must be 
turned oii and kept off until after that line in the tape (line 30) at which the argument has fin- 
ished printing. It must then be turned on in order to print the correct value of the function. 

(16) If the sequence mechanism stops on line 69 of the main control tape, the addition of a I to I has 
failed, and the counters involved should be tested. If the quantities in the counters are not dis- 
turbed', the tape may be rolled back and rerun as in instruction (15). 

(17) If the sequence mechanism stops on line 91 of the main control tape, either the print counter 

read-out or ine naii-correcuon iia.a lancu, a.nu mc v^u^mvcxv^ ix»,w^,v,w. ^. ~- . 

quantities in the counters are not disturbed, the tape may be rolled back and rerun as in in- 
struction (15). 

(18) If counters are disturbed in testing and it is necessary to re-establish the computation for the 
argument, x^, the following procedure must be carried out: 



(a) 
(b) 
(c) 



(d) 



switches 9 and 11 must be set to x ^^ as indicated in the switch list on page 326; 

card feed I must contain the cards for f(x), the first card containing the serial number Xj^_i; 

card feed II must contain the card with serial number Xj^.j, from among those previously 

punched by the main control tape, followed by a blank card; care must be taken to replace 

the functional card orooerly after it is used; 

run the starting tape; when the cards run out in card feed II turn off card feed control switch 

and restart calculator; 
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(e) run the main control tape starting on the "start line", and continue the computation; 

(f ) typewriter I must be spaced up and its spacing checked as the computation is continued; 

(g) t3^ewriter II must be turned off and kept off until just before the correct function is printed, 

(19) The maximum time for one revolution of the main control tape may be computed as follows: 

3 prints on typewriter I 48 

2 prints on typewriter 11 28 

cycles not covered by printing 1^ 

88 cycles = 26,4 seconds. 

Plv^gii^ Instructions 

(1) The mviltiply unit must be plv^ged for operating decimal point between columns 16 and 17, with 
the plugging to the four lowest columns of the buss omitted as shown in the following diagram , 



Row 2 



25 



MP-DIV PLUGBOARD 
ooooo 00000 ooooo 00000 PQ CTR 
20 15 10 5 



Row 3 ofooo ooooo oi 
46 45 40 



Row 4 o 



35 



30 



PQCTR 



P-OUT 



24 



20 



15 



10 



(2) The LIO counter must be plugged to read columns 1-4 of LIO to columns 15-18 of the buss as 
shown in the following diagram , 

FUNCTIONAL PLUGBOARD 
Row 25 ooooo 00 • • [• — • oooo ooooo ooooo BUSS 

15 10 5 



24 



20 



Row 26 ooooo ooooo ooooo ooooo o » » '« » LIO-OUT 
24 21 20 15 10 5 

(3) The SIO covmter must be plugged so that: 

(a) SIO-OUT I reads columns 5-24 of SIO to columns 5-24 of the buss; 

(b) SIO-OUT n reads columns 1-4 of SIO to columns 1-4 of the buss; 

as shown in the following diagram , 

FUNCTIONAL PLUGBOARD 



Row 34 



Row 35 o 



24 



20 



15 



10 



BUSS 



SIO-OUT I 



24 



20 



15 



10 



Row 36 ooooo ooooo ooooo ooooo o • » |> • SIO-OUT n 
24 20 15 10 5 



Row 37 ooooo ooooo ooooo ooooo o •— •■ 
24 20 15 10 5 



«-• BUSS 
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(4) The card feeds must t^ plugged direct (see lage 272), 

(5) The card punch must be plugged as shown in the following diagram, 

PUNCH MAGNETS 
5 10 15 



(6) 



20 



•— •• 



25 



30 



35 



40 



■•— • 



0000 OOOO 0000 oooo 



45 



50 



55 



60 







oooo 0000 0000 oooo 



65 



70 



75 



80 



oooo oooo oooo oooo oooo 

COMP MAG OR GTR TOT EXIT OR M S IN 

2A 2B 4A 4B 6A 6B 

• ••• • ••> >>>•■»»•» a » » » 



6B 



■•— • 



oooo oooo oooo oooo 



T3FpewriterI must be plugged for positive or negative quantities, decimal point between colunms 
16 and 17, twelve digits to the right of the decimal point* The digits are to be grouped by fours 
to the right and left of the decimal point, argument control after two decimal places. Line step 
counter 1 is to be plugged for vertical groups of five lines. Typewriter II is to be plugged for 
positive or negative quantities, decimal point between columns 16 and 17, eight digits to the 
right of the decimal point. The digits are to be grouped by fours to the right and left of the deci- 
mal point, argument control after two decimal places. Line step coimter 2 is to be plugged for 
vertical groups of five lines. The plugging for the tsrpewriters is shown in the following diagram. 



FUNCTIONAL PLUGBOARD 



Row 1 



KOW 2 



DP TAB 

to 



o •— •■ 



R TAB 

• 000* 



Row 3 o o o o 



*— • 



A'^ 



.^nr 



20 

SPACES 



0*000 



Row 4 o 



Row 5 



Row 6 



■•— • 



• 000 



25 1 



• o o o 



10 I 





30 



r 



oooo 
40 



•-U •— i • k •— •■ 



15 



• » • 



o o o o o 
35 



45 



-•oooo 



24 



20 



15 



10 



25 24 



000 OOfOO OOOOO OOOOO 00000 



20 



15 



10 



• oooo OOOOO 

25 24 20 



OOOOO OOOOO OOOOO 



15 



10 



TYPEWRITER I 
COL-SEL 
PRINT CTR-RO 
PRINT CTR-RO 
RO-RELS 
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FUNCTIONAL PLUGBOARD 



DP TAB 

Row 8 * o o o o o •— » 



Row 9 



R TAB 





Row 10 
Row 11 o • >l» t 



■•— • 



^ •^ 



20 







SPACES 







10 





25 



y. 



O o o o 
30 



24 



20 



'^ o o o 

I ' ■I'J I to 

• ' • »J-» < A ■♦ i ooo ooooo 



O O O o 

40 



f • # • 



15 



ooooo 
35 



ooooo 
45 



15 



10 



Row 12 



2524 



000 oofoo ooooo ooooo ooooo 



15 



10 



Row 13 Aoooo ooooo ooooo ooooo ooooo 
25 24 15 10 5 

Row 18 ooooo ooooo ooooo ooooo oooi»- 

2 1 

Row 38 ooooo 0000 •— , ooooo oooo 
9 8 7 6 5 



TYPEWRITER H 
COL-SEL 



PRINT CTR-RO 
RO-RELS 



Row 39 ooooo 0000 



R 



ooooo OOOOS-jOOOOO 

4321 10 987654321 10 

OOOOO 0000»-J0000Q 



R 



Example 8. It is to be noted that the starting and main control tapes of example 7 dictated only the 
sequence of operations to be performed. The actual numbers dealt with; i.e., arguments, functions, 
coefficients, tolerances, etc., were delivered to the machine from switches and punch cards. In some 
cases, these quantities were rearranged by plugging through which they passed on their way to and 
from the functional components of the calculator. Obviously, then, the tapes themselves are applicable 
to a whole class of problems of which example 7 is merely a special case. The reader is advised to 
arbitrarUy formulate several problems similar to example 7 involving other integrands, and to devise 
the instructions necessary to the solution of the chosen problems on the calculator. 



Example 9. It is required that a single main control tape be designed to tabulate the integral, 

as defined in example 7, where f(x) is the function defined in example 6. This requires the combination 
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of the control tapes designed for examples 3, 4, 5 and 7. The interweaving of the coding of the tapes 
is left as an exercise for the reader. This computation as performed by a single control tape should 
not require more than 110 seconds per tabulated value of the integral. 



Example 10 . It is required that the series, 

f(z) = aQ + a^z + agz^ + agZ^ + ... + a^^z" + R, (1) 

be evaluated in the complex plane. The real coefficients ap, a^, ag, ag, ..., a^^ wUl be supplied from 
a value tape on interpolator I. The complex quantities will be stored with the real and imaginary 
parts in adjacent counters. Multiplication of a complex quantity by a real number requires two or- 
dinary multiplications. The determination of an even power of a complex quantity requires three 
ordinary multiplications, while the determination of an odd power requires foxir. The following coding 
is designed to evaluate the first four terms of the series (1) for any point in the complex plane. The 
coding has been planned, however, as though the series had many terms and required the conservation 
of storage registers. The extension of the coding to care for terms involving powers of z greater 
than the third is left to the reader as an exercise. The coding given in this example represents a sim- 
plified version of the control tapes used to compute the modified Hankel functions of order one-third . 



X or AX from sw, 1 to ctr. 1 
.2 



compute z 

y or A y from sw. 2 to ctr, 2 



a^ to ctr, 9 from interpolator I 



Line 


OUT 


IN 


MISC. 


1 


741 


1 


7 


2 


1 


761 


7 


3 


742 


2 


7 


4 


21 


21 




5 


2 




7 


6 


41 


41 


7 


7 


85 




753 


8 


41 




9 1 


21 


7 


10 


1 


761 


7 


11 


3 


3 


7 
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a. to ctr. 8 from interpolator I 



compute a.z 



compute z' 



an to ctr. 8 from interpolator I 



Line 


OUT 


IN 


MISC. 


12 


4 


4 




13 


1 




7 


14 


85 




753 


15 




4 


7 


16 


31 


31 




17 




3 


7 


18 


2 


761 


732 


19 


21 


31 


7 


20 


21 


31 




21 


2 




7 


22 


32 


32 


7 


23 


321 


321 


7 


24 


42 


42 




25 




3 


7 


26 


4 


761 




27 


1 






28 




41 


7 


29 


4 


761 




30 


2 






31 




42 


7 


32 


3 


761 


7 


33 


21 


21 


7 


34 


4 


4 




35 


1 




7 


36 


85 




753 


37 




4 




38 




32 


7 
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compute agZ^ 



Eg to ctr. 8 from interpolator I 



compute aoz*^ 



a, to ctr, 8 from interpolator I 



Line 


OUT 


IN 


ivnsc. 


39 


31 


761 


32 


40 


2 






41 




32 


7 


42 


3 


761 




43 


2 






44 




321 


7 


45 


31 


761 




46 


1 






47 




321 


7 


48 


4 


761 




49 


3 






50 




41 


7 


51 


4 


761 


7 


52 


4 


4' 




53 


31 




7 


54 


85 


753 


55 




4 




56 




42 


7 


57 


4 


761 




58 


32 






59 




41 


n 


60 


4 


761 


7 


61 


4 


4 




62 


321 




7 


63 


85 




753 


84 




4 




65 




42 


7 
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Example 11 . It is suggested that the reader code the control tapes necessary for the computation and 
checking of a functional tape for f(x) = arc sin x, < x S 0.9. The error in the interpolated values of 
f(x) should be less than 6 x IQ-H. The following control tapes should be coded: 

(a) starting and main control tapes to compute the interpolational coefficients; 

(b) control tape to position the functional tape to the successive arguments and print the coef- 
ficients; 

(c) control tape to interpolate on assigned values of the argument. 

The control tape to compute the interpolational coefficients should use an iterative process for the 
computation of (1 - xh'^^. The iterative formulae and their codings are given on pages 176-179 and 
in example 4, pages 304-312. The number of interpolational coefficients required is discussed on 
pages 198-199. The coding of the control tapes necessary to check the functional tape is presented 
on pages 199-201, 

Example 12. The Bessel function, Jq, has been computed for an increment of the argument equal to 
0.01, and punched in tabulating machine cards. It is suggested that the reader code the control tapes 
necessary to subtabulate the function to tenths; i.e., for increment of the argument equal to 0.001. 
The tape must, of course, completely check the computation and verify the printed results. Such a 
tape, using the method described on pages 224-226, has been preserved in the tape library after being 
used to subtabulate the Bessel fxmctions^. 

Example 13 . It is suggested that the reader design a control tape for the solution of the system of 
linear algebraic equations, 

V^l-^ ^1,2^2 + --^^,10^10=^1 , 
V^l ^ ^2,2^2 -^••••^ ^2,10^^10 = 4 

^0,1^^1 -^ ^10,2^ -^ - ^ h0,10^10 = ^10' 
by the process of successive elimination. The elements of the given matrix must be manually punched 
in tabulating machine cards and stacked in two decks, one for the a- ., in the order a , ..., a 
^2,1' •••' ^2,10' "•' ^10,1' •••' ^10,10* *"^ ^® °*^®^ ^°^ ^^ \^ in ^^ order kp kg, ..., k^^. 
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Assume the card decks containing the a- - and the k. to be placed in card feeds I and II respec- 

1,] 1 

lively, A main control tape may then dictate the following operations: 

(1) feed 10 cards from card feed I to any 10 storage counters; 

(2) feed 1 card from card feed n to any other storage counter; 

(3) take the reciprocal a^ j^; 

(4) multiply a^ 2» ^1 3> •••» ^1 10 ^"^ ^1 ^^ ^/^l 1' 

(5) feed 10 cards from card feed I to any 10 storage counters not already in use; 

(6) feed 1 card from card feed n to any storage counter not already in use; 

(7) using the quantities read into storage counters in (5) and (6), repeat operations (3) and (4) 

for a„ ,, a„ „, ..., a„ ^_ and k„; 
2,1 2,iS 42, xO ^ 

(8) make the necessary subtractions; 

(9) repeat these operations until the given system is reduced to the form 

^1 ■*■ ^1,2^2 "*■ ^1,3^ "^ — "^ ^'l.lO^lO " '^l 
^^2 "^ ^2,3^3 "^ ••• "^ ^'2,10^10 " ^ 



^10 - ^10 



whexe tiie b. . itud tht; h. autiiu in 55 selected stox'ctge counter^; 



(10) the values of the xj may then be obtained by substitution and printed or punched in tabu- 
lating machine cards for further computation. 

For efficient operation, full advantage must be taken of the methods of interposition, and all operations 

must be checked. The computation and comparison of 2 a,- ^/a. ■, and (Ha. .)/a. , is one form of 

1»J 1>X 1,] 1,1 

check procedure. 

The required control tape includes 4964 lines of coding, produces and completely checks the 
values of x^ in approximately 55 minutes. The tape is one of the standard tapes preserved in the tape 
library. 

Nearly two years have passed since the staff of the Computation Laboratory of Harvard Univer- 
sity began operation with the Automatic Sequence Controlled Calculator as a project of the United 
States Navy. During this time, a great variety of problems has been solved finding application in 
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nearly every branch of physics and engineerii^. The problems solved include: 



the tabulation of functions of a real variable defined by given equations; 

the subtabulation of empirical functions; 

the computation and tabulation of quantities defined by elaborate formulae and in terms of 
empirical variables; 



(4) the tabulation of fvmctions in the complex domain; 

(5) the solution of systems of linear algebraic equations; 

(6) statistical analysis; 

(7) the determination of the zeros of fvmctions; 

(8) the evaluation of definite integrals ; 

(9) the solution of systems of ordinary differential equations; 

(10) the solution of partial differential eqviations. 

As previously mentioned, the examples given in this chapter have been chosen for their mathe- 
matical simplicity. However, the solutions of the problems listed in the foregoing tabulation have all 
been obtained by means of extensions of the techniques illustrated in the examples . 

From time to time, the solution of these problems has required permanent changes in the wiring 
of the calculator, and the inclusion of new features, many of which have greatly improved its oper- 
ation. Such improvements and alterations are still in progress of development. As a result, this 
book goes to press representing the standard procedure of the Computation Laboratory as of August 
1945. 
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In practice, a computational problem is conqposed of three parts: the theoretical mathematical 
analysis? the construction of a numerical computational schedule suitable for the particular calcula- 
ting machines to be used; the actual carrying out of the machine confutation. In connection with the 
first two parts, it is necessary to consult widely scattered mathematical literature in an effort to 
find adequate methods to treat new types of problems of applied mathematics. These methods have to be 
further adapted to take full advantage of large scale calculating machinery. 

In the preparation of this bibliography, full use has been made of available published bibli- 
ographies, particularly those contained in the report on numerical methods by H. Batoaan, W, E. Uilne 
and A. A. Bennett (see Ordinary Differential Equations). The bibliography is not intended to be eoc- 
haustive. It is composed principally of the references that have been found useful during the one and 
one-half years of operation of the Automatic Sequence Controlled Calculator. 

In the bibliography, certain subjects that logically fall within the general field of numeri- 
cal analysis have been omitted, for exaople, no mention is made of statistics. Such references as 
have been included, however, have been classified for ready reference. Some of the titles could be 
listed under several headings, and have been in the more important cases, 

1. Historical Background of Automatic Calculating Machinery 

2. Machine Methods in Arithmetic 

3. General Huroerical Methods 



6, Square Roots and Higher Roots of Numbers 

7, The Location and Separation of the Zeros of a Polynomial 

8, The Calculation of the Zeros of a Polynomial 

A, Iterative Methods (Newton-Raphson, False Position, etc) 

B, Root-Squaring and Allied Methods 

C, Miscellaneous Methods 

9« The Zeros of l^anscendental Equations 

A, Iterative Methods (see also under 8A) 
6, Miscellaneous Methods 
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INTHODDCTION TO THE APPMDICES 



Chapter III discussed the operations of the variotis electrical components of the calculator. In 
that discussion, the circuits were, for the sake of clarity, considerably abbreviated. Elements not 
necessary to the understanding of the principle of operation of any section of the machine were omit- 
ted. Where circiuts are duplicated, either exactly or with minor modifications, usually only one of 
the duplicated circuits was discussed. It is the piurpose of these appendices to present, so far as 
possible, the circuits as they actually occur, rather than their simplified forms heretofore employed. 

These appendices are given on the pages indicated in the following table. 



Appendix No. 


Title 


Page 


I 


Sequence Codes 






Out Codes, A Relays 


411 




In Codes, B Relays 


I,?? 




Miscellaneous Codes, C Relays 


429 


II 


Sequence Circuits 






Start, Stop, Repeat Circuits 


431 




Autcanatic Circuits 


433 


III 


Register Circuits 






Switch Circuits 


437 




Storage Counter Circuits 


441 




High Accuracy Circuits 


446 




Choice Cotmter Circuits 


449 




mo Counter Circuits 


451 




Automatic Check Counter Circuits 


455 


IV 


Multiply Unit Circuits 






Multiplication 


457 




PQ Low Order Read-Out 


494 




Normalizing Register 


495 


7 


Divide Unit Circuits 


499 
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Appendix No. 



VI 



VII 



VIII 



Title 



Relay List 

Multiply Divide Panel 

Heavy Duty 

Sequence 

Switch 

Storage Counter 
Cam List 

CC Cam Contacts 

SC Cam Contacts 
iaP-Drw Fuse List 



Page 



528 
545 
546 
546 
547 

550 
554 
555 



J 



Appendix I lists in tabular form the A, B and C relays energized by the reading of the various 
sequence codes. Appendices II, III, IV and V indicate cycle by cycle the subsequent operations which 
take place as a result of the pick up of these relays. In each of the appendices II, III, IV and V, 
the following form is aaployed. 

(a) Ttie order in which the various relays are energized is stated in words. 

fb) A tiiidnR diagram indicating that portion of the cycle during which each relay is energized 

^ 4- ^*,r^ i^o r^-ni^ Of ttofi duTinE whlch each relay is energized through its pick up cir- 

c^rirshoTO bj a heavy bar coveri^ the appropriate portion of the cycle. The period of 

time during which the relay is energized through its hold circuit is indicated by an outline 

bar. 

(c) A circuit diagram is presented, showing graphically the pick up and hold circuits of each 
relay. All relay points are shown in their normal (unenergized) positions. 

Appendices VI, VII and VIII list the various relays, cams and fuses employed, together with the 
purposes of each. Thus appendices I through V will enable the reader to trace an operation of the 
calculator throu^ the network of electric circuits involved, while appendices VI through VIII will 
be useful in determining the purpose of a particular relay, cam or fuse. 

From its inception to its completion, the circuits of the calculator have undergone a process of 
constant evolution. In fact, changes are at the present time still being made. This is quite under- 
standable, in view of the fact that the Automatic Sequence Controlled Calculator is the first general 
purpose calculator to be successfully conqpleted and put into operation. This series of changes has, 
however, necessarily led to certain inconsistencies in the nomenclature of the various electrical 
components of the calculator. To begin with, most of the electrical elements are designated by two 
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separate names: firsts a colloquial name brought aboat by common usage, such as "Q-control relay", 
"X»s ri^t relay", "DD-carry control relay", etc.; second, a specific numerical designation irtiich is 
the outgrowth of the originally logical systan of nombering the various parts of the calculator* It 
is this latter designation that will be discussed here. 
(1) Relay Coil Designations 

1. Except for a relatively few heavy duty relays, all relays in the calculator are of a stand- 
ard type, of which six varieties are eoployed; namelys 

4 point single coil 4 point double coil 

6 point single coil 6 point double coil 

12 point single coil 12 point double coil . 

2. When a double coil relay is used, one coil serves for pick up, the other for hold. 

3. The coils of these relays are designated according to their use in the calculator by a conr- 
bination of letters and numbers, usually consisting of a group of letters followed by three 
groups of numbers. Each group is separated from the others by dashes, and the right hand 
group is enclosed in parentheses; thus: 

Seq-29-l-(l2), B-3-l,2,3-(l2). 

4. The letter or group of letters on the left indicates the "section" of the machine in which 
the relay is used. Sectional prefixes are given in the following tabulation. 

Seq Sequence Relay 

Swl, Sw2, ,.,, Sw60 Switch Relay 

A Code Selection Relay (Out Relay) 

B Code Selection Relay (In Relay) 

C Code Selection Relay (Miscellaneous Relay) 

SCI, SC2, ,.., SC72 Storage Counter Relay 

Check Check Counter Relay 

Choice Choice Counter Relay 

Sp64, Sp65, Sp68, Sp69 Special Purpose Relay 

CI Carry Interlock Relay 

(none) IIP-DIV or Functional Relay 

In several places in the appendices, the relays associated with switch A are referred to by 
the prefix SwA, and the relays associated with storage counter A by the prefix SCA, 

5. An exception to this system of literal prefixes is the prefix HD, In general this denotes a 
heavy duty relay, and thus refers to the type relay enqployed, not to its place in the cir- 
cuits of the calculator. The single relay HD-3-l-(4) wc is, however, a wire contact rather 
than a heavy duty relay, a fact denoted by the suffix wc. This is the only relay prefixed 
with W that is not of the heavy duty type. 

6. When it is required that more than 12 points operate simultaneously, a number of relays of 
4, 6 or 12 points each are wired in parallel as a "bank". Reading from left to right, the 
three groups of numbers in the relay designation denote respectively the number of the bank, 
the numbers of the relays in the bank, and the number of points on each of these relayaj thsBz 

(a) Seq-29-l-(12) denotes Sequence Relay Bank 29, one twelve point relay; 

(b) B-3-l,2,3-(12) denotes Code Selection In, Bank 3, relays 1, 2 arsl 3, each of twelve 

points, 

7. As indicated in the tabulation of sectional prefixes, relays without literal prefix are ei- 
ther IJP-Diy or Functional relays. The banks of IIP-DI7 relays are numbered 1 throu^ 104. 
The banks of functional relays are numbered from 100 consecutively upward. Thus there are 
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two completely Independent banks of relays for each of the bank numbers 100, 101, 102, 103 
and 104. 

8. When relays of varying numbers of points are employed in the same bank, any one of several 
alternate designations may be used. 

(a) Several lines may be ei^iloyed. 

Sw8-1,2-(12) 

SvB-3-(U) denotes Switch Bank 8, relays 1 and 2 each of 12 points and relay 3 

of 4 points, 

(b) If the relays of the different varieties occur periodically vsithin the bank, several 
of the numbers 4, 6 and 12 may be placed in the parentheses in the order in which the 
corresponding relays recur; thus: 

5-l,...,27-(12,12,4) 

could be written in place of 

5-1.2,4,5,7.3.10,11,13,14. 16.17. 19.20. 22,23.25,26-(l2) 
5-3,6,9,12,i5,18,21,24,27-(4) . 

(c) Even though there is no periodicity in their recurrence, the relays of varying numbers 
of points are sometimes written on one line; thus: 

33-47,..., 70-(4,6 or 12). 

This is a non-specific designation, since it does not give information as to which of 
the 24 relays have 4, 6 and 12 points respectively. In order to give a specific desig- 
nation in this case, it is necessary that several lines be used, 

9. There is one and only one instance of a bank in which the individual relays are not numbered 
consecutively. This is bank 29 of the MP-DIV panel. This bank has in addition to the 36 
relays, 29-1, ...,36-(12, 12,6), a single 4 point relay designated as 29-9(2)-(4), which 
operates with relay 29-9-(6). 

(2) Relay Point Designations 

1. In the interest of simplicity, the relay coils and their associated points are separated in 
the following circuit diagrams. The designation of any relay point consists of a group of 
letters followed by three groups of numbers, the groups being separated by dashes; thus: 

C-l-n-ll, Seq-32-1-2. 

2. The letter or group of letters and the two groups of numbers on the left refer respectively 
to the section, bank and individual relay in question, "nie number on the right denotes the 
particular point of that relay. The letters NO or WO are often suffixed to the point des- 
ignation to denote normally closed or normally open respectively; thus: 

(a) C-1-ll-llNC denotes the normally closed side of the 11th point of the 11th relay of 

the 1st bank of the Miscellaneous relays of the code selection cascade; 

(b) Seq-32-1-2 denotes the 2nd point of the 1st relay of the 32nd bank of the sequence 

relays . 

(3) Further Abbreviations 

1, When only one relay is used in a bsmk, the number "one" of that relay will frequently be 
omitted. Thus the relay Seq-31-l-(4) would be abbreviated to Seq-31-(4) . The designation 
of the third point of this relay would be shortened from Seq-31-1-3 to Seq-31-3. 

2, There are several instances of only one bank in a section of the calculator, and only one 
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relay in that bank. In these cases, both bank numbers and relay numbers may be omitted. 
Thus the relay Check-l-l-(4) is written Check-(4) and Choice-l-l-(6) is written Choice-(6). 
Similarly, the 4th point of the check relay is written Check-4 and the third point of the 
choice relay, Choice-3. 

(4) Gem Designations 

1. As explained in Chapter III, the timing of the various operations of the machine is control- 
led by cam contacts. Three series of these cam contacts are used. They are distinguished 
on the following diagrams and lists by the prefixed letters: 

(a) CC denotes computing cam contacts (used principally for timing the operations of the 

MP-DIVunit)j 

(b) FC denotes functional cam contacts (used for timing the sequence and functional units); 

(c) SC denotes storage cam contacts (used for timing impulses through the storage counters 

and switches), 

2. The number following this pair of letters denotes a particular cam of the series. The num- 
bers in parentheses give the timing of the cam; thus: 

(a) SC-11 (12-0) denotes storage cam contact number 11, makes at 12 time, breaks at time; 

(b) CC-39 (1/3 15 - 12) denotes computing cam contact number 39, makes I/3 before 15 time, 

breaks at 12 time, 

3. Certain of the CC cams operate 16 times per cycle. In these cases, the letter L is used to 
denote each one of the 16 subdivisions of the cycle in turn; thus: 

(a) CC-23 (1/16 L - L 1/2) denotes cam contact number 23, makes I/I6 before line- breaks 

1/2 after line; i.e.. 

Makes Breaks 
1/16 9 9 1/2 
1/16 8 8 1/2 



1/16 1/2 

1/16*16 16*1/2. 

4. Closely associated cams are given the same group number, but distinguished from each other 
by a letter following that number; thus: 

(a) CC-24B (L 1/4 - L 7/8) denotes B cam contact of group 24, makes I/4 after line, breaks 

7/8 after Hne. 

(5) Designations of Other Electrical Elanents 

1. Counter Wheels 

(a) The coils are clearly labeled counter magnet or Ctr. Mag. 

(b) The spots or "read-outs" are numbered 0, 1, ..., 9 and labeled collectively ctr. R.O. 

(c) Nines and tens carry contacts are labeled with a 9 and a 10 respectively. 

2, Counter Registers 

Names of registers are clearly given on the diagrams. The elements belonging to specific 
cfflnponent counter wheels are labeled col. 1, col. 2, ..., col. 24, 
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3. Puses 

Fuses are prerixea eitner witn T>ne xetter r, ox- »/uc xcuuoio -u , »x,*<wx vu..wg, ^w -^ ..-.- — - 
they are mounted on the functional panel or on the MP-DIV panel. Each series is numbered 
consecutively from one upward, 

4, Binding Posts 

Binding posts are divided into series each prefixed by VBP, SBP, PBP, BBP, VTP, ABPorS^/BP. 
Each series is nujnbered consecutively. 

(6) Cycle Designations 

1. Various functional operations extend ovier several cycles of the calculator. The multiple 
cycle operations considered here are; 

M i&atiply 

D Divide 

HR Normalizing Register 

Thus a relay would be said to opwate in cycle D-6 if it were energized during the 6th cycle 
of the division sequence of operations. 

(7) Miscellaneous Symbols 

1. Several special designations occur in Appendix VI. The letters S and D suffixed to the 
relay designations denote respectively single coil and double coil. The numbers in the col- 
umn headed "Row" refer to the physical rows of relays in the MP-DIV panel. 



SEQUENCE CODES 

The following table lists the cascade of relays nhich are involved in the reading of any given sequence code. The codes are tabulated ac- 
cording to the sequence column. A, B or C, in which they are read. The first column of the table states the given code; the second, the 
functional cam which provides the iii^julae; the third, the open points through which the impulse travels; the fourth, the normally closed 
points through which the impulse travels; the fifth, the unit controlled by the sequence code. 



OUT CODES- A RELAYS 



Code 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 




1 


92 


1 

1-1-1 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
3-1-1 
2-1-1 


Storage Counter #1- OUT 


32 
321 


92 
92 


3-1-1 
2-1-2 

3-1-1 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
1-1-4 

8-1-1 


Storage Counter #6- OUT 




2 


92 


2-1-1 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
3-1-1 
1-1-2 


Storage Counter #2- OUT 


4 


92 


2-1-2 
1-1-4 

4-1-1 


7-1-1 
6-1-1 
5-1-1 
4-1-1 

8-1-1 
7-1-1 
6-1-1 


Storage Counter #7- OUT 




21 


92 


2-1-1 
1-1-2 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 










5-1-1 
3-1-2 
2-1-3 
1-1-5 


Storage Counter #8- OUT 










3-1-1 


Storage Counter #3- OUT 


41 


92 


4-1-1 
1-1-5 


8-1-1 
7-1-1 






3 


92 


3-1-1 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
2-1-2 
1-1-3 


Storage Counter #4- OUT 


42 


92 


4-1-1 
2-1-3 


6-1-1 
5-1-1 
3-1-2 
2-1-3 

8-1-1 
7-1-1 
6-1-1 


Storage Counter #9- OUT 




31 


92 


3-1-1 
1-1-3 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
2-1-2 


Storage Counter #5- OUT 


421 


92 


4-1-1 
2-1-3 
1-1-6 


5-1-1 
3-1-2 
1-1-6 

8-1-1 
7-1-1 
6-1-1 


Storage Counter #10- OUT 





OUT CODES- A RELAYS -continued- 



Code 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 


421 






5-1-1 




52 






4-1-2 




con1i , 






3-1-2 


Storage Counter #11- OUT 


cont. 






3-1-3 
1-1-10 


Storage Counter #18- OUT 


43 


92 


4-1-1 


8-1-1 


















3-1-2 


7-1-1 
6-1-1 
5-1-1 
2-1-4 
1-1-7 


Storage Counter #12- OUT 


521 


92 


5-1-1 
2-1-5 
1-1-10 


8-1-1 
7-1-1 
6-1-1 
4-1-2 
3-1-3 


Storage Counter #19- OUT 


431 


92 


4-1-1 
3-1-2 
1-1-7 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
2-1-4 


Stoirage Counter #13- OUT 


53 


92 


5-1-1 
3-1-3 


8-1-1 
7-1-1 
6-1-1 
4-1-2 
2-1-6 
1-1-11 


Storage Counter #20- OUT 


432 


92 


4-1-1 


8-1-1 


















3-1-2 


7-1-1 




531 


92 


5-1-1 


8-1-1 








2-1-4 


6-1-1 
5-1-1 
1-1-8 


Storage Counter #14- OUT 






3-1-3 
1-1-11 


7-1-1 
6-1-1 
4-1-2 
2-1-6 


Storage Counter #21- OUl' 


4321 


92 


4-1-1 


8-1-1 


















3-1-2 


7-1-1 




532 


92 


5-1-1 


8-1-1 








2-1-4 


6-1-1 








3-1-3 


7-1-1 








1-1-8 


5-1-1 


Storage Counter #15- OUT 






2-1-6 


6-1-1 
4-1-2 




5 


92 


5-1-1 


8-1-1 
7-1-1 










1-1-12 


Storage Counter #22- OUT 








6-1-1 




5321 


92 


5-1-1 


8-1-1 










4-1-2 








3-1-3 


7-1-1 










3-1-3 








2-1-6 


6-1-1 










2-1-5 








1-1-12 


4-1-2 


Storage Counter #23- OUT 








1-1-9 


Storage Counter #16- OUT 


54 


92 


5-1-1 


8-1-1 




51 


92 


5-1-1 
1-1-9 


8-1-1 
7-1-1 
6-1-1 
4-1-2 
3-1-3 
2-1-5 


Stoii-age Counter #17- OUT 


541 


92 


4--1-2 
5-1-1 


7-1-1 
6-1-1 
3-1-4 
2-1-7 
1-2-1 

8-1-1 


Storage Counter #24- OUT 


52 


92 


5-1-1 
2-1-5 


8-1-1 
7-1-1 
6-1-1 








4-1-2 
1-2-1 


7-1-1 
6-1-1 
3-1-4 
2-1-7 


Storage Counter #25- OUT 



OUT CODES- A RELAYS -continued- 



Code 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 




542 


92 


5-1-1 
4-1-2 
2-1-7 


8-1-1 
7-1-1 
6-1-1 
3-1-4 
1-2-2 


Storage Counter #26- OUT 


61 
cont, 

62 


92 


6-1-1 
2-1-9 


3-1-5 
2-1-9 

8-1-1 
7-1-1 
5-1-2 


Storage Counter #33- OUT 




5421 


92 


5-1-1 
4-1-2 
2-1-7 
1-2-2 


8-1-1 
7-1-1 
6-1-1 
3-1-4 


Storage Counter #27- OUT 


621 


92 


6-1-1 


4-1-3 
3-1-5 
1-2-6 

8-1-1 


Storage Counter #34- OUT 




543 


92 


5-1-1 
4-1-2 
3-1-4 


8-1-1 
7-1-1 
6-1-1 
2-1-8 
1-2-3 


Storage Counter #28- OUT 


63 


92 


2-1-9 
1-2-6 

6-1-1 


7-1-1 
5-1-2 
4-1-3 
3-1-5 

8-1-1 


Storage Counter #35- OUT 




5431 


92 


5-1-1 
4-1-2 
3-1-4 
1-2-3 


8-1-1 
7-1-1 
6-1-1 
2-1-8 


Storage Counter #29- OUT 






3-1-5 


7-1-1 

5-1-2 

4-1-3 

2-1-10 

1-2-7 


Storage Counter #36- OUT 




5432 


92 


5-1-1 


8-1-1 




















4-1-2 


7-1-1 




631 


92 


6-1-1 


8-1-1 










3-1-4 


6-1-1 








3-1-5 


7-1-1 










2-1-8 


1-2-4 


Storage Counter #30- OUT 






1-2-7 


5-1-2 
4-1-3 






54321 


92 


5-1-1 
4-1-2 


8-1-1 
7-1-1 










2-1-10 


Storage Counter #37- OUT 








3-1-4 


6-1-1 




632 


92 


6-1-1 


8-1-1 










2-1-8 










3-1-5 


7-1-1 










1-2-4 




Storage Counter #31- OUT 






2-1-10 


5-1-2 
4-1-3 






6 


92 


6-1-1 


8-1-1 
7-1-1 
5-1-2 
4-1-3 
3-1-5 
2-1-9 
1-2-5 


Storage Counter #32- OUT 


6321 
64 


92 
92 


6-1-1 

3-1-5 

2-1-10 

1-2-8 

6-1-1 


1-2-8 

8-1-1 
7-1-1 
5-1-2 
4-1-3 

8-1-1 


Storage Counter #38- OUT 
Storage Counter #39- OUT 




61 


92 


6-1-1 
1-2-5 


8-1-1 
7-1-1 
5-1-2 
4-1-3 








4-1-3 


7-1-1 
5-1-2 
3-1-6 







OUT CODES- A R ELAYS -continued- 



Cod<S 



64 
cont, 

641 



642 



6421 



643 



FC 
92 

92 



92 



92 



92 



Open 



6431 


92 


6432 


92 


64321 


92 


65 


92 



6-1-1 
4-1-3 
1-2-9 



6-1-1 
4-1-3 
2-1-11 



6-1-1 
4-1-3 
2-1-11 
1-2-10 

6-1-1 
4-1-3 
3-1-6 



6-1-1 
4-1-3 
3-1-6 
1-2-11 

6-1-1 
4-1-3 
3-1-6 
2-1-12 

6-1-1 

4-1-3 

3-1-6 

2-1-12 

1-2-12 

6-1-1 
5-1-2 



NC 



2-1-11 
1-2-9 

8-1-1 
7-1-1 
5-1-2 
3-1-6 
2-1-11 

8-1-1 
7-1-1 
5-1-2 
3-1-6 
1-2-10 

8-1-1 
7-1-1 
5-1-2 
3-1-6 

8-1-1 

7-1-1 

5-1-2 

2-1-12 

1-2-11 

8-1-1 
7-1-1 
5-1-2 
2-1-12 

8-1-1 
7-1-1 
5-1-2 
1-2-12 

8-1-1 
7-1-1 
5-1-2 



8-1-1 
7-1-1 
4-1-4 



Controls 



Sitorage Counter #40- OUT 



Storage Counter #41- OUT 



Storage Counter #42- OUT 



{Storage Counter #43- OUT 



Storage Counter #44- OUT 



Storage Counter #45- OUT 



Storage Counter #46- OUT 



Storage Counter #47- OUT 



Code 



65 
cont. 



651 



652 



6521 



653 



6531 



6532 



65321 



654 



FC 



92 



92 



92 



92 



92 



92 



92 



92 



Open 



6-1-1 
5-1-2 
1-3-1 



6-1-1 

5-1-2 
2-2-1 



6-1-1 
5-1-2 
2-2-1 
1-3-2 

6-1-1 
5-1*2 
3-1-7 



6-1-1 
5-1-2 
3-1-7 
1-3-3 

6-1-1 
5-1-2 
3-1-7 
2-2-2 

6-1-1 
5-1-2 
3-1-7 
2-2-2 
1-3-4 

6-.1-1 
5-1-2 



NC 



3-1-7 
2-2-1 
1-3-1 

8-1-1 
7-1-1 
4-1-4 
3-1-7 
2-2-1 

8--1-1 
7-1-1 
4-1-4 
3-1-7 
1-3-2 

8-1-1 
7-1-1 
4-1-4 
3-1-7 

8-1-1 
7-1-1 
4-1-4 
2-2-2 
1-3-3 

8-1-1 
7-1-1 
4-1-4 
2-2-2 

8-1-1 
7-1-1 
4-1-^ 
1-3-4 

8-1-1 
7-1-1 
4-1-4 



8-1-1 
7-1-1 






Controls 



Storage Counter #48- OUT 



Storage Counter #49- OUT 



Storage Counter #50- OUT 



Storage Counter #51- OUT 



Storage Counter #52- OUT 



Storage Counter #53- OUT 



Storage Counter #54- OUT' 



Storage Counter #55- OUT 



OUT CODES- A RELAYS -continued- 



Code 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 




654 




4-1-4 


3-1-8 




7 






6-1-2 






cont. 






2-2-3 
1-3-5 


Storage Counter #56- OUT 


cont. 






5-1-3 
4-1-5 
3-1-9 






6541 


92 


6-1-1 
5-1-2 
4-1-4 


8-1-1 
7-1-1 
3-1-8 










2-2-5 
1-3-9 


Storage Counter #64- OUT 








1-3-5 


2-2-3 


Storage Counter #57- OUT 


71 


92 


7-1-1 
1-3-9 


8-1-1 
6-1-2 






6542 


92 


6-1-1 
5-1-2 
4-1-4 
2-2-3 


8-1-1 
7-1-1 
3-1-8 
1-3-6 


Storage Counter #58- OUT 








5-1-3 
4-1-5 
3-1-9 
2-2-5 


Storage Counter #65- OUT 




65421 


92 


6-1-1 
5-1-2 
4-1-4 
2-2-3 
1-3-6 


8-1-1 
7-1-1 
3-1-8 


Storage Counter #59- OUT 


72 


92 


7-1-1 
2-2-5 


8-1-1 
6-1-2 
5-1-3 
4-1-5 
3-1-9 
1-3-10 


Storage Counter #66- OUT 




6543 


92 


6-1-1 


8-1-1 




















5-1-2 


7-1-1 




721 


92 


7-1-1 


8-1-1 










4-1-4 


2-2-4 








2-2-5 


6-1-2 










3-1-8 


1-3-7 


Storage Counter #60- OUT 






1-3-10 


5-1-3 
4-1-5 






65431 


92 


6-1-1 
5-1-2 


8-1-1 
7-1-1 










3-1-9 


Storage Counter #67- OUT 








4-1-4 


2-2-4 




73 


92 


7-1-1 


8-1-1 










3-1-8 










3-1-9 


6-1-2 










1-3-7 




Storage Counter #61- OUT 








5-1-3 
4-1-5 






65432 


92 


6-1-1 
5-1-2 
4-1-4 
3-1-8 
2-2-4 


8-1-1 
7-1-1 
1-3-8 


Storage Counter #62- OUT 


731 


92 


7-1-1 
3-1-9 
1-3-11 


2-2-6 
1-3-11 

8-1-1 
6-1-2 
5-1-3 


Storage Counter #68- OUT 




654321 


92 


6-1-1 
5-1-2 
4-1-4 
3-1-8 
2-2-4 
1-3-8 


8-1-1 
7-1-1 


Storage Counter #63- OUT 


732 


92 


7-1-1 
3-1-9 
2-2-6 


4-1-5 
2-2-6 

8-1-1 
6-1-2 
5-1-3 
4-1-5 


Storage Counter #69- OUT 




7 


92 


7-1-1 


8-1-1 










1-3-12 


Storage Counter #70- OUT 


01 











OUT COD'.iS- A RELATS -continued- 


J— F" 


Code 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 


7321 


92 


7-1-1 
3-1-9 
2-2-6 


8-1-1 
6-1-2 
5-1-3 




74321 


92 


7-1-1 
4-1-5 
3-1-10 


8-1-1 
6-1-2 
5-1-3 








1-3-12 


4-1-5 


Storage Counter #71- OUT 






2-2.-8 
1-4-4 




Switch #7- OUT 


74 


92 


7-1-1 


8-1-1 


















4-1-5 


6-1-2 

5-1-3 

3-1-10 

2-2-7 

1-4-1 


Storage Counter #72- OUT 


75 


92 


7-1-1 
5-1-3 


8-1-1 

6-1-2 

4-1-6 

3-1-11 

2-2-9 

1-4-5 


Switch #8- OUT 


741 


92 


7-1-1 


8-1-1 














( •+•*■ 




4-1-5 


6-1-2 




751 


92 


7-1-1 


8--1-1 








1-4-1 


5-1-3 

3-1-10 

2-2-7 


Switch #1- OUT 






5-1-3 
1-4-5 


6-.1-2 
4--1-6 
3-1-11 
2-2-9 


Switch #9- OUT 


742 


92 


7-1-1 
4-1-5 
2-2-7 


8-1-1 
6-1-2 

5-1-3 

3-1-10 

1-4-2 


Switch #2- OUT 


752 


92 


7-1-1 
5-1-3 
2-2-9 


8-1-1 

6.-1-2 

4--1-6 

3-1-11 

1-4-6 


Switch #10- OUT 


7421 


92 


7-1-1 


8-1-1 


















4-1-5 


6-1-2 




7521 


92 


7-1-1 


8-1-1 








2-2-7 


5-1-3 








5-1-3 


6-1-2 
4-1-6 
3-1-11 








1-4-2 


3-1-10 


Switch #3- OUT 






2-2-9 
1-4-6 


Switch #11- OUT 


743 


92 


7-1-1 


8-1-1 


















4-1-5 
3-1-10 


6-1-2 

5-1-3 

2-2-8 

1-4-3 


Switch #4- OUT 


753 


92 


7-1-1 
5-1-3 
3-1-11 


8-1-1 

6-1-2 

4-1-6 

2-2-10 

1-4-7 


Switch #12- OUT 


7431 


92 


7-1-1 
4-1-5 

3-1-10 


8-1-1 
6-1-2 




7531 


92 


7-1-1 


8-1-1 








5-1-3 








5-1-3 


6-1-2 








1-4-3 


2-2-8 


Switch #5- OUT 






3-1-11 
1-4-7 


4-1-6 
2-2-10 


Switch #13- OUT 


7432 


92 


7-1-1 
4-1-5 
3-1-10 


8-1-1 
6-1-2 




7532 


92 


7--1-1 


8-1-1 








5-1-3 








5--1-3 


6-1-2 








2-2-8 


1-4-4 


Switch #6- OUT 






3--1-11 

2-..2-10 


Z|.-l-6 
1-4-8 


Switch #14- OUT 



OUT CODES- A RELAYS -continued- 



Code 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 




75321 


92 


7-1-1 

5-1-3 

3-1-11 

2-2-10 

1-4-8 


8-1-1 
6-1-2 
4-1-6 


Switch #15- OUT 


754321 


92 


7-1-1 

5-1-3 

4-1-6 

3-1-12 

2-2-12 

1-4-12 


8-1-1 
6-1-2 


Switch #23- OUT 




754 


92 


7-1-1 


8-1-1 




















5-1-3 


6-1-2 




76 


92 


7-1-1 


8-1-1 










4-1-6 


3-1-12 
2-2-11 
1-4-9 


Switch #16- OUT 






6-1-2 


5-1-4 
4-1-7 
3-2-1 
2-3-1 






7541 


92 


7-1-1 
5-1-3 


8-1-1 
6-1-2 










1-5-1 


Switch #24- OUT 








4-1-6 


3-1-12 




761 


92 


7-1-1 


8-1-1 










1-4-9 


2-2-11 


Switch #17- OUT 






6-1-2 
1-5-1 


5-1-4 
4-1-7 






7542 


92 


7-1-1 
5-1-3 
4-1-6 


8-1-1 
6-1-2 
3-1-12 










3-2-1 
2-3-1 


Switch #25- OUT 








2-2-11 


1-4-10 


Switch #18- OUT 


762 


92 


7-1-1 
6-1-2 


8-1-1 
5-1-4 






75421 


92 


7-1-1 
5-1-3 
4-1-6 
2-2-11 


8-1-1 
6-1-2 
3-1-12 








2-3-1 


4-1-7 
3-2-1 
1-5-2 


Switch #26- OUT 








1-4-10 




Switch #19- OUT 


7621 


92 


7-1-1 
6-1-2 


8-1-1 
5-1-4 






7543 


92 


7-1-1 
5-1-3 
4-1-6 


8-1-1 
6-1-2 
2-2-12 








2-3-1 
1-5-2 


4-1-7 
3-2-1 


Switch #27- OUT 








3-1-12 


1-4-11 


Switch #20- OUT 


763 


92 


7-1-1 
6-1-2 


8-1-1 
5-1-4 






75431 


92 


7-1-1 
5-1-3 
4-1-6 
3-1-12 


8-1-1 
6-1-2 
2-2-12 
1-4-11 








3-2-1 


4-1-7 
2-3-2 
1-5-3 


Switch #28- OUT 








1-4-11 




Switch #21- OUT 


7631 


92 


7-1-1 
6-1-2 


8-1-1 
5-1-4 






75432 


92 


7-1-1 

5-1-3 

4-1-6 

3-1-12 

2-2-12 


8-1-1 
6-1-2 
1-4-12 


Switch #22- OUT 


7632 


92 


3-2-1 
1-5-3 

7-1-1 
6-1-2 


4-1-7 
2-3-2 

8-1-1 
5-1-4 


Switch #29- OUT 


-a 



OUT CODES- A msUYS -continued- 



Code 


PC 


Open 


KC 


Controla 


7632 
cont. 




3-2-1 
2-3-2 


4-1-7 
1-5-4 


Switch #30- OUT 


76321 


92 


7-1-1 
6-1-2 
3-2-1 
2-3-2 
1-5-4 


8-1-1 
5-1-4 
4-1-7 


Switch #31- OUT 


764 


92 


7-1-1 
6-1-2 
4-1-7 


8-1-1 
5-1-4 
3-2-2 
2-3-3 
1-5-5 


Switch #32- OUT 


7641 


92 


7-1-1 
6-1-2 
4-1-7 
1-5-5 


8-1-1 

5-1-4 
3-2-2 

2-3-3 


Swit.ch #33- OUT 


7642 


92 


7-1-1 
6-1-2 
4-1-7 
2-3-3 


8-1-1 
5-1-4 
3-2-2 
1-5-6 


Switch #34- OUT 


7645:1 


92 


7-1-1 
6-1-2 
4-1-7 
2-3-3 
1-5-6 


8-1-1 
5-1-4 
3-2-2 


Switch #35- OUT 


7643' 


92 


7-1-1 
6-1-2 
4-1-7 
3-42-2 


8-1-1 
5-1-4 
2-3-4 
1-5-7 


Switch #36- OUT 


76421 


92 


7-1-1 
6-1-2 
4-1-7 
3-2-2 
1-5-7 


8-1-1 
5-1-^ 
2-3-4 


.Switch #37- OUT 


76432 


92 


7-1-1 
6-1-2 
4-1-7 


8-1-1 
5-1-4 
1-5-8 





00 



Code 



76432 
cont. 

764321 



765 



7651 



7652 



76521 



7653 



76531 



76532 



FC 



92 
92 



92 



92 



92 



92 



92 



92 



92 



Open 



3-2-2 
2-3-4 

7-1-1 
6-1-2 
4-1-7 
3-2-2 
2-3-4 
1-5-8 

7-1-1 
6-1-2 
5-1-4 



7-1-1 
6-1-2 
5-1-4 
1-5-9 

7-1-1 
6-1-2 
5-1-4 
2-3-5 

7-1-1 
6-1-2 
5-1-4 
2-3-5 
1-5-10 

7-1-1 
6-1-2 
5-W^ 
3-2-3 

7-1-1 
6-1-2 
5-1-4 
3-2-3 
1-5-11 

7-1-1 
6-1-2 



NC 



8-1-1 
5-1-4 



8-1-1 
4-1-8 
3-2-3 
2-3-5 
1.-5-9 

8-1-1 
4-1-8 
3-2-3 
2-3-5 

8-1-1 
4-1-8 
3-2-3 
1-5-10 

8-1-1 
4-1-8 
3-2-3 



8-1-1 
4-1-8 
2-3-6 
1-5-11 

8-1-1 
4-1-8 
2-3-6 



8-1-1 
4-1-8 



Controls 



Switch #38- OUT 



Switch #39- OUT 



Switch #40- OUT 



Switch #41- OUT 



Switch #42- OUT 



Switch #43- OUT 



Switch #44- OUT 



Switch #45- OUT 



OUT CODES- A RELAIS -continued- 



Code 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 




76532 




5-1-4 


1-5-12 


- 


765431 




3-2-4 








cont. 




3-2-3 
2-3-6 




Switch #46- OUT 


cont* 
765432 


92 


1-6-3 
7-1-1 


8-1-1 


Switch #53- OUT 




765321 


92 


7-1-1 
6-1-2 
5-1-4 
3-2-3 
2-3-6 
1-5-12 


8-1-1 
4-1-8 


Switch #47- OUT 


7654321 


92 


6-1-2 
5-1-4 
4-1-8 
3-2-4 
2-3-8 

7-1-1 


1-6-4 
8-1-1 


Switch #54- OUT 




7654 


92 


7-1-1 
6-1-2 
5-1-4 
4-1-8 


8-1-1 
3-2-4 
2-3-7 
1-6-1 


Switch #48- OUT 






6-1-2 
5-1-4 
4-1-8 
3-2-4 
2-3-8 








76541 


92 


7-1-1 
6-1-2 


8-1-1 
3-2-4 








1-6-4 




Switch #55- OUT 








5-l-n4 


2-3-7 




8 


92 


8-1-1 


7-1-2 










4-1-8 












6-1-3 










1-6-1 




Switch #49- OUT 








5-1-5 
4-1-9 






76542 


92 


7-1-1 
6-1-2 
5-1-4 
4-1-8 


8-1-1 
3-2-4 
1-6-2 










3-2-5 
2-3-9 
1-6-5 


Switch #56- OUT 








2-3-7 




Switch #50- OUT 


81 


92 


8-1-1 
1-6-5 


7-1-2 
6-1-3 






765421 


92 


7-1-1 
6-1-2 
5-1-4 
4-1-8 
2-3-7 


8-1-1 
3-2-4 










5-1-5 
4-1-9 
3-2-5 
2-3-9 


Switch #57- OUT 








1-6-2 




Switch #51- OUT 


82 


92 


8-1-1 
2-3-9 


7-1-2 
6-1-3 






76543 


92 


7-1-1 
6-1-2 
5-1-^4 
4-1-8 
3-2-4 


8-1-1 
2-3-8 
1-6-3 


Switch #52- OUT 


821 


92 


8-1-1 


5-1-5 
4-1-9 
3-2-5 
1-6-6 

7-1-2 


Switch #58- OUT 




765431 


92 


7-1-1 
6-1-2 
5-1-4 


8-1-1 
2-3-8 








2-3-9 
1-6-6 


6-1-3 
5-1-5 
4-1-9 










4-1-8 












3-2-5 


Switch #59- OUT 


i4^ 

HI 
CO 











OUT COIDES- A FKTAYS -continued- 














""— *" — 


MMMI^ 








=> 


Code 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 




83 


92 


8-1-1 


7-1-2 




m,?i 




2-3-11 


5-1-5 






'^f' 




3-2-5 


6-1-3 

5-1-5 

4-1-9 

2-3-10 

1-6-7 


iSwitch #60- OUT 


cont. 
843 


92 


1^-10 

8-1-1 
4-1-9 
3-2-6 


3-2-6 

7-1-2 
6-1-3 
5-1-5 
2-3-12 


Print Counter #2- Reset 




831 


92 


8-1-1 
3-2-5 


7-1-2 
6-1-3 










1-6-11 


Punch Counter- Reset 








1-6-7 


5-1-5 
4-1-9 
2-3-10 


LIO- OUT (plugged) 


8431 


92 


8-1-1 
4-1-9 
3-2-6 
1-6-11 


7-1-2 
6-1-3 
5-1-5 
2-3-12 


IVS- OUT 




832 


92 


8-1-1 


7-1-2 




















3-2-5 


6-1-3 




85 


92 


8-1-1 


7-1-2 










2-3-10 


5-1-5 
4-1-9 
1-6-8 


EIO- OUT 






5-1-5 


6-1-3 
4--1-10 
3-2-7 
2-4-1 






8323. 


92 


8-1-1 
3-2-5 


7-1-2 
6-1-3 










1-7-1 


Interpolator #1- Read Ta]?e 








2-3-10 


5-1-5 




851 


92 


8-1-1 


7-1-2 










1-6-8 


4-1-9 


Nomializing Register- OUT 






5-1-5 
1-7-1 


6-1-3 
4-1-10 






84 


92 


8-1-1 
4-1-9 


7-1-2 

6-1-3 

5-1-5 

3-2-6 

2-3-11 

1-6-9 


SIO- OUT #2 (plugged) 


852 


92 


8-1-1 
5-1-5 
2-4-1 


3-2-7 
2.-4-1 

7-1-2 
6-1-3 
4-1-10 
3-2-7 


Interpolator #2- Read Tape 




841 


92 


8-1-1 
4-1-9 


7-1-2 
6-1-3 










1-7-2 


Interpolator #3- Read Tape 








1-6-9 


5-1-5 
3-2-6 
2-3-11 


"h" Correction to Intermediate Ctr, 


853 


92 


8-1-1 
5-1-5 
3-2-7 


7-1-2 
6-1-3 
4-1-10 
2-4-2 


MIO Counter- 




842 


92 


8-1-1 
4-1-9 


7-1-2 
6-1-3 










1-7-3 


Cols. 13-24 to Buss Cola. 13-24 








2-3-11 


5-1-5 
3-2-6 
1-6-10 


Print Counter #1- Reset 


8531 


92 


8-1-1 
5-1-5 
3-2-7 
1-7-3 


7-1-2 
6-1-3 
4-1-10 
2-4-2 


MIO Counter- 
Cols. 13-24 to Buss Cols. 1-12 




842]. 


92 


8-1-1 
4-1-9 


7-1-2 
6-1-3 

















OUT CODES- A REUYS -continued- 



Code 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 




86 


92 


8-1-1 


7-1-2 




8731 




3-3-1 


4-2-1 










6-1-3 


5-1-6 

4-1-11 

3-2-9 

2-4-5 

1-7-9 


PQ Counter- Cols. 1-23 Product-Out 


cont. 
8732 


92 


1-9-3 

8-1-1 
7-1-2 
3-3-1 
2-5-2 


2-5-2 

6-ln4 
5-1-7 
4-2-1 
1-9-4 


Typewriter #1- OFF 
Typewriter #2- OFF 




862 


92 


8-1-1 


7-1-2 




















6-1-3 


5-1-6 




874 


92 


8-1-1 


6-1-4 










2-4-5 


4-1-11 

3-2-9 

1-7-10 


Print Counter #1- OUT 






7-1-2 
4-2-1 


5-1-7 
3-3-2 
2-5-3 
1-9-5 


SIO- OUT #1 (plugged) 




8621 


92 


8-1-1 


7-1-2 




















6-1-3 


5-1-6 




8741 


92 


8-1-1 


6-1-4 










2-4-5 


4-1-11 








7-1-2 


5-1-7 










1-7-10 


3-2-9 


Print Counter #2- OUT 






4-2-1 
1-9-5 


3-3-2 
2-5-3 


SIO- OUT #3 (direct) 




863 


92 


8-1-1 
6-1-3 
3-2-9 


7-1-2 

5-1-6 

4-1-11 

2-4-6 

1-7-11 


Punch Counter- OUT 














87 


92 


8-1-1 
7-1-2 


6-1-4 
5-1-7 
4-2-1 
3-3-1 
2-5-1 
1-9-1 


Argument Control 














871 


92 


8-1-1 
7-1-2 
1-9-1 


6-1-4 
5-1-7 
4-2-1 
3-3-1 
2-5-1 


Typewriter #1- ON 














872 


92 


8-1-1 
7-1-2 
2-5-1 


6-1-4 
5-1-7 
4-2-1 
3-3-1 
1-9-2 


Typewriter #2- ON 














8731 


92 


8-1-1 
7-1-2 


6-1-4 
5-1-7 

























IN CODEEI- B RELAYS 










IS9 


Code 


FG 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 




1 


93 


1-1-1 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
3-1-1 
2-1-1 


Storage Counter #1- IN 


321 
cont* 

4 


93 


2-1-2 
1-1-4 

4-1-1 


7-1-1 
6-1-1 
5-1-1 
4-1-1 

8-1-1 
7-1-1 
6-1-1 


Storage Counter #7- IN 




2 


93 


2-1-1 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
3-1-1 
1-1-2 


Siiorage Counter #2- IN 


41 


93 


4-1-1 
1-1-5 


5-1-1 
3-1-2 
2-1-3 
1-1-5 

8-1-1 
7-1-1 
6-1-1 


Storage Counter #8- IN 




21 


93 


2-1-1 
1-1-2 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
3-1-1 


Siiorajge Counter #3- IN 


42 


93 


4-1-1 
2-1-3 


5-1-1 
3-1-2 
2-1-3 

8-1-1 
7-1-1 
6-1-1 


Storage Counter #9- IN 




3 


93 


3-1-1 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
2-1-2 
1-1-3 


Storage Counter #4- IN 


421 


93 


4-1-1 
2-1-3 
1-1-6 


5-1-1 
3-1-2 
1-1-6 

8-1-1 
7-1-1 
6-1-1 
5-1-1 


Storage Counter #10- IN 




31 


93 


3-1-1 
1-1-3 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
2-1-2 


Storage Counter #5- IN 


43 


93 


4-1-1 
3-1-2 


3-1-2 

8-1-1 
7-1-1 
6-1-1 
5-1-1 
2-1-4 


Storage Counter #11- IN 




32 


93 


3-1-1 
2-1-2 


8-1-1 
7-1-1 
6-1-1 
5-1-1 
4-1-1 
1-1-4 


Storage Counter #6- IN 


431 


93 


4-1-1 
3-1-2 
1-1"7 


1-1-7 

8-1-1 
7-1-1 
6-1-1 
5-1-1 
2-1-4 


Storage Counter #12- IN 
Storage Coiinter #13- IN 




321 


93 


3-1-1 


8-1-1 

















IN CODES- £ RELAYS -continued- 



Code 



FC 



432 



4321 



93 



93 



93 



51 



93 



52 



93 



521 



53 



93 



93 



Open 



4-1-1 
3-1-2 
2-1-4 



4-1-1 
3-1-2 
2-1-4 
1-1-8 

5-1-1 



5-1-1 
1-1-9 



5-1-1 
2-1-5 



5-1-1 
2-1-5 
1-1-10 



5-1-1 
3-1-3 



NC 



8-1-1 
7-1-1 
6-1-1 
5-1-1 
1-1-8 

8-1-1 
7-1-1 
6-1-1 
5-1-1 

8-1-1 
7-1-1 
6-1-1 
4-1-2 
3-1-3 
2-1-5 
1-1-9 

8-1-1 
7-1-1 
6-1-1 
4-1-2 
3-1-3 
2-1-5 

8-1-1 
7-1-1 
6-1-1 
4-1-2 
3-1-3 
1-1-10 

8-1-1 
7-1-1 
6-1-1 
4-1-2 
3-1-3 

8-1-1 
7-1-1 
6-1-1 
4-1-2 
2-1-6 
1-1-11 



Controls 



Storage Counter #14- IN 



Storage Counter #15- IN 



Code 



Storage Counter #16- IN 



Storage Counter #17- IN 



Storage Counter #18- IN 



Storage Counter #19- IN 



Storage Counter #20- IN 



531 



532 



5321 



54 



FC 



93 



93 



93 



93 



5a 



542 



5421 



543 



93 



93 



93 



93 



Open 



NC 



5-1-1 


8-1-1 


3-1-3 


7-1-1 


1-1-11 


6-1-1 




4-1-2 




2-1-6 


5-1-1 


8-1-1 


3-1-3 


7-1-1 


2-1-6 


6-1-1 




4-1-2 




1-1-12 


5-1-1 


8-1-1 


3-1-3 


7-1-1 


2-1-6 


6-1-1 


1-1-12 


4-1-2 


5-1-1 


8-1-1 


4-1-2 


7-1-1 




6-1-1 




3-1-4 




2-1-7 




1-2-1 


5-1-1 


8-1-1 


4-1-2 


7-1-1 


1-2-1 


6-1-1 




3-1-4 




2-1-7 


5-1-1 


8-1-1 


4-1-2 


7-1-1 


2-1-7 


6-1-1 




3-1-4 




1-2-2 


5-1-1 


8-1-1 


4-1-2 


7-1-1 


2-1-7 


6-1-1 


1-2-2 


3-1-4 


5-1-1 


8-1-1 


4-1-2 


7-1-1 


3-1-4 


6-1-1 




2-1-8 




1-2-3 



Controls 



Storage Counter #21- IN 



Storage Counter #22- IN 



Storage Counter #23- In 



Storage Counter #24- In 



Storage Counter #25- IN 



Storage Counter #26- IN 



Storage Counter #27- IN 



Storage Counter #28- IN 






IN CODES- B RKLAYS -continued- 



Codo 



VC 



5431 



5432 



54321 



93 



93 



93 



93 



61 



93 



62 



93 



Open 



621 



63 



93 



93 



5-1-1 


8-1-1 


4-1-2 


7-1-1 


3-1-4 


6-1-1 


1-2-3 


2-1-8 


5-1-1 


8-1-1 


4-1-2 


7-1-1 


3-1-4 


6-1-1 


2-1-8 


1-2-J* 


5-1-1 


8-1-1 


4-1-2 


7-1-1 


3-1-4 


6-1-1 


2-1-8 




1-2-J^ 




6-1-1 


8-1-1 




7-1-1 




5-1-2 




4-1-3 




3-1-5 




2-1-9 




1-2-5 


6-1-1 


8-1-1 


1-2-5 


7-1-1 




5-1-2 




4-1-3 




3-1-5 




2-1-9 


6-1-1 


8-1-1 


2-1-9 


7-1-1 




5-1-2 




4-1-3 




3-1-5 




1-2-6 


6-1-1 


8-1-1 


2-1-9 


7-1-1 


1-2-6 


5-1-2 




4-1-3 




3-1-5 


6-1-1 


8-1-1 


3-1-5 


7-1-1 



NC 



Controlsi 



Storage Counter #29- IN 



Storage Coxinter #30- IN 



Sitorage Counter #31- IN 



Storage Counter #32- IN 



JStorage Counter #33- IN 



Storage Counter #34- IN 



Storage Counter #35- IN 



Code 



63 
cont. 



631 



632 



6321 



64 



641 



642 



6421 



FC 



93 



93 



93 



93 



93 



93 



93 



4>. 



Op>en 



6-1-1 
3-1-5 
1-2-7 



6-1-1 
3-1-5 
2-1-10 



6-1-1 
3-1-5 
2-1-10 
1-2-8 

6-1-1 
4-1-3 



6-1-1 
4-1-3 
1-2-9 



6-1-1 
4-1-3 
2-1-11 



6-1-1 
4-1-3 
2-1-11 
1-2-10 



NC 



5-1-2 
4-1-3 
2-1-10 
1-2-7 

8-1-1 
7-1-1 
5-1-2 
4-1-3 
2-1-10 

8-1-1 
7-1-1 
5-1-2 
4-1-3 
1-2-8 

8-1-1 
7-1-1 
5-1-2 
4-1-3 

8-1-1 

7-1-1 

5-1-2 

3-1-6 

2-1-11 

1-2-9 

8-1-1 
7-1-1 
5-1-2 
3-1-6 
2-1-11 

8-1-1 
7-1-1 
5-1-2 
3-1-6 
1-2-10 

8-1-1 
7-1-1 
5-1-2 
3-1-6 



Controls 



Storage Counter #36- IN 



Storage Counter #37- IN 



Storage Counter #38- IN 



Storage Counter #39- IN 



Storage Counter #40- IN 



Storage Counter #41- IN 



Storage Counter #42- IN 



Storage Counter #43- IN 



IN CODES- B YCSUCCS -continued- 



Code 



FC 



643 



6431 



6432 



64321 



65 



93 



93 



93 



93 



93 



651 



652 



65a 



93 



93 



93 



Open 



NC 



6-1-1 


8-1-1 


4-1-3 


7-1-1 


3-1-6 


5-1-2 




2-1-12 




1-2-11 


6-1-1 


8-1-1 


4-1-3 


7-1-1 


3-1-6 


5-1-2 


1-2-11 


2-1-12 


6-1-1 


8-1-1 


4-1-3 


7-1-1 


3-1-6 


5-1-2 


2-1-12 


1-2-12 


6-1-1 


8-1-1 


4-1-3 


7-1-1 


3-1-6 


5-1-2 


2-1-12 




1-2-12 




6-1-1 


8-1-1 


5-1-2 


7-1-1 




4-1-4 




3-1-7 




2-2-1 




1-3-1 


6-1-1 


8-1-1 


5-1-2 


7-1-1 


1-3-1 


4-1-4 




3-1-7 




2-2-1 


6-1-1 


8-1-1 


5-1-2 


7-1-1 


2-2-1 


4-1-4 




>l-7 




1-3-2 


6-1-1 


8-1-1 


5-1-2 


7-1-1 


2-2-1 


4-1-4 


1-3-2 


3-1-7 



Controls 



Storage Counter #44- IN 



Storage Counter #45- IN 



Storage Counter #46- IN 



Storage Counter #47- IN 



Storage Counter #48- IN 



Storage Counter #49- IN 



Storage Counter #50- IN 



Storage Counter #51- IN 



Code 



653 



6531 



6532 



65321 



654 



65a 



6542 



65421 



FC 



93 



93 



93 



93 



93 



93 



93 



93 



Open 



6-1-1 
5-1-2 
3-1-7 



6-1-1 
5-1-2 
3-1-7 
1-3-3 

6-1-1 
5-1-2 
3-1-7 
2-2-2 

6-1-1 
5-1-2 
3-1-7 
2-2-2 
1-3-4 

6-1-1 
5-1-2 
4-1-4 



6-1-1 
5-1-2 
4-1-4 
1-3-5 

6-1-1 
5-1-2 
4-1-4 
2-2-3 

6-1-1 
5-1-2 
4-1-4 
2-2-3 
1-3-6 



NC 



8-1-1 
7-1-1 
4-1-4 
2-2-2 
1-3-3 

8-1-1 
7-1-1 
4-1-4 
2-2-2 

8-1-1 
7-1-1 
4-1-4 
1-3-4 

8-1-1 
7-1-1 
4-1-^4 



8-1-1 
7-1-1 
3-1-8 
2-2-3 
1-3-5 

8-1-1 
7-1-1 
3-1-8 
2-2-3 

8-1-1 
7-1-1 
3-1-8 
1-3-6 

8-1-1 
7-1-1 
3-1-8 



Controls 



Storage Counter #52- IN 



Storage Counter #53- IN 



Storage Counter #54- IN 



Storage Counter #55- IN 



Storage Counter #56- IN 



Storage Counter #57- IN 



Storage Counter #58- IN 



Storage Counter #59- IN 



CO 

Jen 



.IM COj^- S R ELAYS -continued- 



Code 



FC 



6543 



65431 



65432 



654321 



93 



93 



93 



93 



93 



71 



93 



72 



93 



Open 



NC 



6-1-1 


8-1-1 


5-1-2 


7-1-1 


4-1-4 


2-2-4 


3-1-8 


1-3-7 


6-1-1 


8-1-1 


5-1-2 


7-1-1 


4-1-4 


2-2-lt. 


3-1-8 




1-3-7 




6-1-1 


8-1-1 


5-1-2 


7-1-1 


4-1-4 


1-3-8 


3-1-8 




2-2-4 




6-1-1 


8-1-1 


5-1-a 


7-1-1 


4-1-4 




3-1-8 




2-2-4 




1-3-8 




7-1-1 


8-1-1 




6-1-2 




5-1-3 




4-1-5 




3-1-9 




2-2-5 




1-3-9 


7-1-1 


8-1-1 


1-3-9 


6-1-2 




5-1-3 




4-1-5 




3-1-9 




2-2-5 


7-1-1 


8-1-1 


2-2-5 


6-1-2 




5-1-3 




4-1-5 




3-1-9 




1-3-10 



Controls 



Code 



Storage Counter #60- IN 



Storage Counter #61- IN 



Storage Counter #62- .tN 



Stoi'age Counter #63- IN 



721 



73 



Storage Counter #64- IN 



IStorage Counter #65- IN 



Storage Counter #66- IN 



731 



732 



7321 



74 



FC Open 



93 



93 



741 



7432 



93 



93 



93 



93 



93 



93 



7-1-1 
2-2-5 
1-3-10 



7-1-1 
3-1-9 



7-1-1 
3-1-9 
1-3-n 



7-1-1 
3-1-9 
2-2-6 



7-1-1 
3-1-9 
2-3-6 
1-3-12 

7-1-1 
4-1-5 



7-1-1 
4-1-5 

IhW. 



7-1-1 
4-1-5 



NC 



8-1-1 
6-1-2 
5-1-3 
4-1-5 
3-1-9 

8-1-1 
6-1-2 
5-1-3 
4-1-5 
2-2-6 
1-3-11 

8-1-1 
6-1-2 
5-1-3 
4-1-5 
2-2-6 

8-1-1 
6-1-2 
5-1-3 
4-1-5 
1-3-12 

8-1-1 
6.-1-2 
5-1-3 
4-1-5 

8-1-1 

6-1-2 

5--1-3 

3-1-10 

2-2-7 

1-4-1 

8-1-1 

6-1-2 

5-1-3 

3-1-10 

2-2-7 

8-1-1 
6-1-2 



to 



Controls 



Storage Counter #67- IN 



Storage Counter #68- IN 



Storage Counter #69- IN 



Storage Counter #70- IN 



Storage Counter #71- IN 



Storage Counter #72- IN 



EIO- IN 



IN CODES- B RELAYS -continued- 



Cod« 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 




7432 




3-1-10 


5-1-3 




7621 


95 


7-1-3 


8-1-2 






cont. 




2-2-8 


1-4-4 


Print Counter #1- IN 






6-1-5 
2-3-1 


5-1-4 
4-1-7 






74321 


93 


7-1-1 
4-1-5 


8-1-1 
6-1-2 








1-5-2 


3-2-1 


Eiqponentlal 








3-1-10 


5-1-3 




763 


95 


7-1-3 


8-1-2 










2-2-8 










6-1-5 


5-1-4 










1-4-4 




Print Counter #2- IN 






3-2-1 


4-1-7 
2-3-2 






752 


93 


7-1-1 
5-1-3 


8-1-1 
6-1-2 










1-5-3 


Interpolate 








2-2-9 


4-1-6 

3-1-11 

1-4-6 


Typewriter #1- Initiate Printing 


7631 


95 


7-1-3 
6-1-5 
3-2-1 
1-5-3 


8-1-2 
5-1-^ 
4-1-7 
2-3-2 


Sine 




7521 


93 


7-1-1 


8-1-1 




















5-1-3 


6-1-2 




7654 


95 


7-1-3 


8-1-2 










2-2-9 


4-1-6 








6-1-5 


3-2-4 










1-4-6 


3-1-11 


Typewriter #2- Initiate Printing 






5-1-4 
4-1-8 


2-3-7 
1-6-1 


Select Interpolator #1 




753 


93 


7-1-1 


8-1-1 




















5-1-3 


6-1-2 




765a 


95 


7-1-3 


8-1-2 










3-1-11 


4-1-6 

2-2-10 

1-4-7 


Punch Counter- IN 






6-1-5 
5-1-4 
4-1-8 
1-6-1 


3-2-4 
2-3-7 


Select Interpolator #2 




76 


95 


7-1-3 


8-1-2 




















6-1-5 


5-1-4 
4-1-7 
3-2-1 
2-3-1 
1-5-1 


Divide 


76542 


95 


7-1-3 
6-1-5 
5-1-4 
4-1-8 
2-3-7 


8-1-2 
3-2-4 
1-6-2 


Select Interpolator #3 




761 


95 


7-1-3 
6-1-5 
1-5-1 


8-1-2 
5-1-4 
4-1-7 
3-2-1 
2-3-1 


Multiply 


765421 


95 


7-1-3 
6-1-5 
5-1-4 
4-1-8 
2-3-7 
1-6-2 


8-1-2 
3-2-4 


LIO- IN 




762 


95 


7-1-3 


8-1-2 




















6-1-5 


5-1-4 




76543 


95 


7-1-3 


8-1-2 










2-3-1 


4-1-7 
3-2-1 
1-5-2 


Logarithm 






6-1-5 
5-1-4 
4-1-8 
3-2-4 


2-3-8 
1-6-3 


Print Counter #1- Half Pick-up 


to 



IN REUYS- B RELAYS - continued- 



Code 



FC 



Open 



765431 



95 



8321 



853 



8531 



87 



93 



93 



93 



93 



871 



873 



873]. 



93 



93 



93 



NC 



7-1-3 


8-1-2 


6-1-5 


2-3-8 


5-1-4 




4-1-8 




3-2-4 




1-6-3 




8-1-1 


7-1-2 


3-2-5 


6-1-3 


2-3-10 


5-1-5 


1-6-8 


4-1-9 


8-1-1 


7-1-2 


5-1-5 


6-1-3 


3-2-7 


4-1-10 




2-4-2 




1-7-3 


8-1-1 


7-1-2 


5-1-5 


6-1-3 


3-2-7 


4-1-10 


1-7-3 


2-4-2 


8-1-1 


6-1-4 


7-1-2 


5-1-7 




4-2-1 




3-3-1 




2-5-1 




1-9-1 


8-1-1 


6-1-4 


7-1-2 


5-1-7 


1-9-1 


4-2-1 




3-3-1 




2-5-1 


8-1-1 


6-1-4 


7-1-2 


5-1-7 


3-3-1 


4-2-1 




2-5-2 




1-9-3 


8-1-1 


6-1-4 


7-1-2 


5-1-7 


3-3-1 


4-2-1 


1-9-3 


2-5-2 



Controls 



]?rint Counter #2- Half Pick-up 



Worraalizing Register- IN 



JillO Counter- IN 

Buss Cols. 13-24 to MIO Cols. 13-24 



MIO Counter- IN 

Buss Cols. 1-12 to MIO Cols. 13-24 



Storage Counter #64- Special IN 



Storage Counter #65- Special IN 



Storage Couinter #68- Special IN 



Storage Counter #69- Special IN 



Code 



874 



8741 



FC 



93 



93 



Open 



8-1-1 
7-1-2 
4-2-1 



8-1-1 
7-1-2 
4-2-1 
1-9-5 



00 



NC 



6-1-4 
5-1-7 
3-3-2 
2-5-3 
1-9-5 

6-1-^4 
5-1-7 
3-3-2 
2-5-3 



Controls 



SIO- IN #1 (direct) 



SIO- IN #2 (plugged) 



MISCELLAWBOUS CODES- C RELAYS 



Code 


FC 


Open 


NC 


Controls 


Code 


FC 


Open 


NC 


Controls 




1 


94 


1-1-1 


6-1-1 
5-1-1 
4-1-1 
3-1-1 
2-1-1 


Storage Coimter- Read-Out 
Negative Absolute Value 


51 
53 


94 
94 


5-1-1 
1-1-9 

5-1-1 


6-1-1 
4-1-2 
3-1-3 
2-1-5 

6-1-1 


Initiate and Complete Punching 




2 


94 


2-1-1 


6-1-1 
5-1-1 
4-1-1 
3-1-1 


Storage Counter- Read-Out 






3-1-3 


4-1-2 
2-1-6 
1-1-11 


Interpolator #1- Step Ahead 










1-1-2 


Positive Absolute Value 


531 


94 


5-1-1 
3-1-3 


6-1-1 
4-1-2 






21 


94 


2-1-1 
1-1-2 


6-1-1 
5-1-1 
4-1-1 
3-1-1 


Switch- Invert 


532 


94 


1-1-11 

5-1-1 
3-1-3 


2-1-6 

6-1-1 
4-1-2 


Interpolator #2- Step Ahead 




3 


94 


3-1-1 


6-1-1 
5-1-1 
4-1-1 
2-1-2 
1-1-3 


Intermediate Counter- Reset 


54 


94 


2-1-6 

5-1-1 
4-1-2 


1-1-12 

6-1-1 
3-1-4 
2-1-7 
1-2-1 


Interpolator #3- Step Ahead 
Interpolator #1- Step Back 




31 


94 


3-1-1 
1-1-3 


6-1-1 
5-1-1 
4-1-1 
2-1-2 


EIO- Reset 


541 
542 


94 
94 


5-1-1 
4-1-2 
1-2-1 

5-1-1 


6-1-1 
3-1-4 
2-1-7 

6-1-1 


Interpolator #2- Step Back 




32 


94 


3-1-1 
2-1-2 


6-1-1 
5-1-1 
4-1-1 








4-1-2 
2-1-7 


3-1-4 
1-2-2 


Interpolator #3- Step Back 










1-1-4 


Storage Counter and Switch- Invert 


6 


96 


6-1-2 


5-1-2 
4-1-3 






321 


94 


3-1-1 
2-1-2 
1-1-4 


6-1-1 
5-1-1 
4-1-1 


SIO- Reset 








3-1-5 
2-1-9 
1-2-5 


Print and Complete Printing 




432 


94 


4-1-1 
3-1-2 
2-1-4 


6-1-1 
5-1-1 
1-1-8 


Read-Out Under Control of 
Counter #70 


61 


96 


6-1-2 
1-2-5 


5-1-2 
4-1-3 
3-1-5 


Interpolation- Drop out 




5 


94 


5-1-1 


6-1-1 
4-1-2 
3-1-3 
2-1-5 
1-1-9 


Initiate Punching 


62 


96 


6-1-2 
2-1-9 


2-1-9 

5-1-2 
4-1-3 
3-1-5 
1-2-6 


Tape Selection Relays 

Pick up Interpolation- 
Sequence Control Relay 


ilk, 

CO 



MKCM-tANEOOS CODES- C REUY5 -continued- 



Codie 


FC 


Open 


NC 


Controls 


Code 


FC 


0]pen 


NC 


Controls 


63 


96 


6-1-2 
3-1-5 


5-1-2 
4-1-3 
2-1-10 
1-2-7 


LIO- Reset 
1 


87 


106 


8^1-1 
7-1-2 




Stop- with Stop K«y 


632 


96 


6-1-2 
3-1-5 
2-1-10 


5-1-2 
4-1-3 
1-2-8 


Card Feed #1- OUT 












6321 


96 


6-1-2 
3-1-5 
2-1-10 
1-2-8 


5-1-2 
4-1-3 


Card Feed #2- OOT 












64 


96 


6-1-2 
4-1-3 


5-1-2 
3-1-6 
2-1-11 
1-2-9 


ilutomatlc Check 












641 


96 


6-1-2 
4-1-3 
1-2-9 


5-1-2 
3-1-6 
2-1-11 


Interpolatoi,'- Position 












643 


96 


6-1-2 
4-1-3 
3-1-6 


5-1-2 

2-1-12 

1-2-11 


IDlvisioih* Place Limitation 












6431 


96 


6-1-2 
4-1-3 
3-1-6 
1-2-11 


5-1-2 
2-1-12 


l^ivision- Place Limitation 












6432 


96 


6-1-2 
4-1-3 
3-1-6 
2-1-12 


5-1-2 
1-2-12 


Division- Place Limitation 












64321 


96 


6-1-2 

4-1-3 

3-1-6 

2-1-12 

1-2-12 


5-1-2 


Division- PlAce Limitation 












7 


107 
106 


7-1-1 
7-1-3 




Repeat 

Stop- with Jinergency Switch ar«i 

£»top Key- 













SEQUENCING - START . STOP . REPEAT 



The start key is depressed and the start relay energized. Through the start relay, the read control relay, the start interlock relay and 
the clutch magnet are energized. The sequence mechanism reads the line of coding (A, B, 7) . The corresponding sequence relays including 
C-7 and thus the repeat relay are picked up. The pick up of the start interlock relay will open the circuit through the start key to the 
start relay, preventing the flow of current to the start relay in the event that the start key is held down. If the repeat relay is ener- 
gized, the start relay will pick up. If the emergency switch is on and the stop key depressed, the energized sequence relay C-7 will 
permit the stop control relay to pick up. The pick up of stop control opens the circuit to the read control relay and the clutch magnet. 
The stop control relay may also be picked up through the stop key and points of sequence relays C-8 and C-7» 



Magnet 



Seq-33-1 Start 

Seq-31-l Read Control 

Clutch Magnet 

Seq-28-1 Start Interlock 

Seq-C-7-1 

Seq-27-l Repeat 

Seq-32-l Stop Control 



Cycle 



Cycle 1 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



Start Key or 

Seq-27-l-l 

VBP-276 

FC-103 (6-5 1/3) 

VBP-277 

Seq-27-1-2 

Seq-28-1-1 NC 



FC-105 (4-2 1/2) 
Sequence Cut-off 

Switch 
Card Feed #1 Sw. 
Card Feed #2 Sw. 
BBP-64 
Seq-33-1-1 
Seq-32-1-1,2 NC 

Seq-27-l-l or 

Start Key 

VBP-276 

FC-104 (3-2 1/2) 

VBP-279 

Seq-33-1-3 



Seq-33-l-(4) 
Start 



FC-108 (6-2 1/2) 

7BP-278 

Seq-33-1-4 



± Start Key~ ^Sea-2 7-l-l 



1 FC-10 3 (6-5 1/3) .Seq-2 7-1-2 

f^^nC. I r V 



"VBP2276 H" , 



.FC-10 8 (6-2 1/2) 
^ T_J 
i=i— ct 



VBPi^T? 



Seq-31-l-(4) 
Read Control 
and Clutch 
Magnet 



Seq-28-l-(4) 
Start Interlock 



TOPi578 " 
•t- . FC-1 05 (4-2 1/2) 




,,363^3-1-4 



__ - F-18 

Start 

Seq-33-l-(4) 



m 



y^ 



y^ 



-X. 



— , . . . . , ^ oSsg-33-1-1 

Seq.Sw. C.F.#1 Sw. C.F.#2 SwrBBP--64^ ♦ , QSeo-3 2-1-1 



Clutch 
Magnet 




Seq-27-l-l or 
Start Key 
VBP-276 
Seq-28-1-4 



+ Seq-27-l-l 

— o — — *— 



- F-18 

Read Control 

Seq-31-l-(4) 



t ^ 



Start Key 



FC-10 4 (3-2 1/2) 



"W=27S" 



TT . o \ o Seq- 33-1-3 

vBPi579 r 



Seq-2 8-1-4 



- F-18 
StarT'lnterlock 
Seq-28-l-(4) 



SEQUENCIWC ? - STAR T. STOP . REPEAT -continued- 



Pick Up Circuit 



FC-101 (3-2 1/3) 
VBP-lOO 

Seq-31-1,2,3,4 
Reading Pins 



Magnet 



C-7-l-(4) 



FC-107 (0-5 1/4) 

VBP-280 

C-7-1-1 



Stop Key 

VBP-281 

FC-106 

(12-13 1/3) 

VBP-282 

C-7-1-3 

Emergency Sw. 

FC-101 (3-2 1/3) 

VBP-lOO 

Seq-31-1,2,3,4 

Reaching Pi.ns 



Seq-27-l-(4) 
Repeat 



Seq-32-l-(4) 
Stop Control 



C-8-l-(4) 
C-7-l-(4) 



Stoj) Key 

VBP-281 

FC-106 

(12-13 1/3) 

VBP-282 

C-7-1-2 

C-8-1-1 



Seq-32-l-(4) 
Stop Control 



Itold Circuit 



FC-102 (4-9 3A) 

VBP-225 

C-7-1-4 



FC-107 (0-5 1/4) 

VBP-280 

Seq-27-1-4 



Stop Key 

VBP-281 

Seq-32-l-/> 



FC-102 (4-9 3/4) 
VBP-225 
C.8-1-4 
C-7-1-4 



Circuit Diagram 



Stop Key 

VBP-281 

S«iq~32-l-4 



+^FC-101 (3-2 1/3) 



^ 



VBP-lOO 



,FC-10 2 (4-9 3/4) 
VBPi52r 



t 

,Seq-31-2 

t 
.Seq-31-3 

[seq-31-4 

t 


i 



^7 



<> 



C-7-1-4 



-^^^?3^J"" 



+ . FC-1 07 (0-5 1/4) 

"TT" . ^ . _C-7-l-l 



m^m- 



- F- 



Seq-27-1-4 rTCepea^" 

Seq-27-l-(4) 



+ Stop Key 
~^^~R' _ ^ .FC-10 6 (12-13 1/3) 

~^VBPfeg3:" n=r . ^ „C-.7-l-3 



TOPi^82 



Seq-32-1-4 



Eraer.Sw, 



^-18 

Stop Control 

Seq-32-l-(i+) 



+ FC-10 1 (3-2 1/3) 

H -> 



P^~,^?r^ 



Sea:31-1 



VBP-lOO 



Seq-3 1-2 



^egr31-3 



Seq-31-4 



FC-1C2 (4-9 3/4) 



C-8 



0-8^-4 



C~7 



^:7ri-4 



1-aJI^ 



■ F-18 

C-8-l-(4) 



C-7-l-(4) 



VBP-225 
■¥■ Stop Key 



FC-106 (12-13 1/3) 



p-7-1- 2 




^F-18 
Stop* Control 
Seq-32-l-(4) 



SEQOENCING - AUTOMATICS 



As mentioned on page 15, the code Miscellaneous 7 which controls the repeat relay may be replaced by certain automatic continue operation 
codes. The circuits controlled by these automatic codes are presented in the following table, except for the circuit operated by the check 
code, Miscellaneous 64, iriilch is included in the automatic check coimter circuits. Each of these circuits may replace the circuit through 
the start relay to pick up the read control relay and the clutch magnet. For all automatic codes, the cam contact FC-105 provides the im- 
pulse which travels through the card feed control circuits, as shovm in the card feed circuit, to BBP-64. The alternate circuits employed 
by the automatic codes of the different cooponents of the machine are shown between BBP-64 and FBP-98. All of the circuits are completed 
from FBP-98 to the read control relay and the clutch magnet as shown in the last diagram of this group. 



Pick Up Circuit 



NC 



NC 
NC 

NC 



BBP-6A 

12-1,2-3 

or 

BBP-110 

44-5-1 

BBP-111 

FBP-133 

216-1-2 

and 

55-3-2 

78-2-8 

81-2-9 

BBP-52 

FBP-99 

201-1-2 NC 

FBP-98 



BBP-64 

79-1-7 

48-1-7 

BBP-54 

or 

BBP-110 and 

165-1-8 

290-1-2 NC or 

162-1-7 

130-1-2 NC 

176-1-2 NC or 

254-3-1 

255-3-1 

256-1-2 

257-1-2 

and 

FBP-98 



Magnet 



Hold Circuit 



Circuit Diagram 



MULTIPLY-DIVIDE UNIT 



+V.O ol2=l-3 



BBP. 



64 



=2.-3 



^T . o28=2-8 

^T . c^l-2-9 

I ^_^ FBP^ 9 9 o201 -l -2 

BBPC52 ^^ ^^ 



BBP-UO t ,_^o_ZB^ 133 o 2l6-l -2 



BBP-111 



OSH— & 



fmm 



INTEEPOLATION UNIT 

■e ^ ^79-1- 7 

B^^iT^ r , ^8-1- 7 

BBPiaicr 




FBP « 98 , . - 



Pick Up Circuit 



BBP-64 
11.-1-5 
34-3-8(not used) 

BBP-54 

or 

BBP-llCt 

FBP-13;i 

207-1-1 

and 

FBP-98 



BBP-64 

12-1,2-3 

or 

BBP-110 

W^-5-l 

BBP-lllL 

FBP-133 

216-1-2 NC 

or 

FBP-1315 

266-3-1 

217-3-1 

216-1-3 

and 

55-3-2 NC 

78-2-8 NC 

81-2-9 NC 

BBP-52 

FBP-99 

201-1-2 NC 

or .*•• 

216-1-2 

225-1-3 NC 

FBP-181 

BBP-53 .... 

or 

22A-3-1 

and 

FBP-98 



SEQUEN CE - AUTOHATIC -continued- 






Jiagnet 



Hold Circuit 



Circuit Diagram 



LOG UNIT 
11-1-5 



BBP$110 



_oM=l-8 



(not used) BBP=54 



ife3 s 



imm 



?k 



FBP^35 t ^ 



EJrONENTIAL UNIT 



■I-. _ - 12-1-3 
BBP^IT 

" 12-2-3 



-3.-2 



"f^ 



, 78-2- 8 

^^' . 08I-2-9 

~~T^ FBPj99 -201-1 -2 



FBPifS 



^4-5-1 
BBPW.10"" t 



216-1^^ 




FBP^535^ t ^216-1 -3 



212=2-1. 
t ^ 

j ,224- 3-l 



_o225-l-3 



"ra^^MT 



Pick Up Circuit 



BBP-64 
81-3-1 NC 
230-3-3 
FBP-98 



BBP-64 

BBP-110 

FBP-135 

113-3-2 

112-1-3 

103-3-1 

102-3-12 

143-3-2 

142-1-3 

133-3-1 

132-3-12 

100-1-2 

FBP-98 



BBP-64 

BBP-110 

FBP-135 

246-3-2 

248-1-11 

or 

Card Indicator- 

1,2 NC 
245-3-2 
and 
FBP-98 



SEQUENCING - AUTOI/ATICS -continued- 



Magnet 



Hold Circuit 



Circuit Diagram 



BBP^ 



B^^eu 



SINE UNIT 



Jl=2rl 



BBP-^4 



^ 



,220=3-3 



FBPs^ 



PRINT 



BBP^llO 



FBP-135 



012=3-2 



♦ 




.112-1-3 




' t , 




,103-3-1 




t . 




jl02-3-12 




t 




143-3-2 






f , 






142-1-3 






♦ 






,133-3-1 






f , 




100-1-2 


132-3-1:^ 




f 






t . ) 



FBP^5§~* 



PUNCH 



"■^s^, BB^llO 



FBP-135 



.246-3-2 



.248-1-11 



Card Indicator-l 



Card Indicator-2 



,245-3-2 



■FS^g-" 



CO 
CI 



SEQUEHCB tG - AUTOMATICS -continued- 



CD 



Pick Up Circuit 



FC-105 (4-2 1/2) 
Sequence Cut-off 

Switch 
Seq-25-1-1,2 
Seq-26-1-1,2 
Card. Feed #1 Sw, 
Card Feed #2 Sw. 
BBP-64 



Magnet 



Itold Circuit 



FBP-98 

Soq-32-1-1 NC 
Seq-32-1-2 NC 



Seq-31-l-(4) 

Read Control 
and 
Clutch Magnet 



Circuit Diagram 



C!ARD FEH) 



jtJSQ^ti (4-2 1/2) 

hi. y pSfiar25-l-l 



Seq«Swi. 



t 



^Seq- 25-1-2 



-Z- 



-^»a::26-l-l 



L 



^ar.?6-l-2 



/ 



C.Fjl Sw. C.FJ2 Sw. 
( Completion of Preceding Circuits ) 



,lsea-32-l-2 



Read Control 
S<sq-31-l-(4) 
_ - F-18 



f\ — F— 19 

"^^-^^^^^iSich Magpet 






BBP^ 



SWITCHES 



CYCLE 0, Assuming it is desired to read out of switch 8, code 75, into storage counter 5, code 31, the sequence mechanism reads the line 
of coding (75, 31, blank). The sequence relays are picked up. The switch 8 out and storage counter 5 in relays are energized. If the code 
32 is used in the Miscellaneous column, the storage counter invert relay is picked up. If the code 21 is used in the Miscellaneous coliunn, 
the switch invert relay and the IVS invert relay are picked up. If the code 8^31 in the Out column is read, the independent variable 
switch (IVS) out relays are energized, 

CYCLE 1, The storage counter magnets are energized. The carry circuits, which are presented under storage counters, are closed and the 
carry impulse completes the entry. 



Magnet 



Seq-A-7-1 
Seq-A-5-1 
Seq-B-3-1,2,3 
Seq-B-l-l,..,ll 
SC5-4,5,6 Str Ctr In 
Sw8-1,2,3 Switch Out 
Str Ctr Magnets 
Seq-C-2-1, . . ,6 
Seq-C-1-1, ..,11 
Switch Invert 
Seq-A-8-1 
Seq-A-4-1,2 
Seq-A-3-1,2,3 
Seq-A-l-l,..,ll 
Seq-30-1,2,3 IVS Out 
Seq-29-1 IVS Invert 



Cycle 



Cycle 1 



I I I 



■ I I I I 



Pick Up Circuit 



FC-101 (3-2 1/3) 
VBP-100 

Seq-31-1,2,3,4 
Reading Pins 



Magnet 



A-7-l-(4) 
A-5-l-(12) 
B-3-l,2,3-(12) 
B-l-l,..,ll-(12) 



Hold Circuit 



PC-102 (4-9 3/4) 

VBP-225 

A-7-1-4 

A-5-1-11 

B-3-3-11 

B-1-11-11 



Circuit Diagram 



4 FC-10 1 (3-2 1/3) 
' H . o pSeg=31-l 



VBP-100 



Se2=_31-2 



Seq-3 1-3 



Seq-31-A 



i *^oA=L 



{ <-d 



FC-10 2 (4-9 3/4) 






■A-7-1-4 



rJl^ 



A-5 



^-5-1-11 — r-^^-'^-i- 



A-7-l-(4) 



- F-16 
■(12) 



3-3-3-11 I^B-3-l,2,3-(12) 

t 



r F-17 



B-l-l l-ll p^^-^B^-l ..., 11-(12^ 



SWITCHES -continued- 



Pick Up Circuit 



FC-92 

(12 1/2-13 2/3) 
VBP-150 
A-8-1-1 NC 
A-7-1-1 
A-6-1-2 NC 
A-5-1-3 
A-4-1.-6 NC 
A-3-1-11 NC 
A-2-2-9 NC 
A-1-4-5 NC 
SwBP-2-8 



SC-1,..,9 

Str Ctr Reset fK! 

Str Counter 

Inviart NC 
SBP-3-l,..,9 
3wBP-l-l,..,9 
Switcli Invert NC 
SwBP-1-11,.,,20 
Switclii RO 
,3w8-l,2 Sw Out 
Buss 
SC5-4.,5 

Str Ctr In 



FC-101 (3-2 3/3) 
VBP-KX) 

Seq-31-1,2,3,4 
Readijag Pias 



Magnet 



Sw8-1,2-(12) 
Sw8-3-(4) 



SC-n (12-0) 
SBP-1-2 
SwBIP-3-28 
Sw8-3-4 



Str Counter 
Magnets 



-^-^,.,.5-(12) 
-2-6-(6) 
C-l-l,..,ll-(12) IC-1-11-11 



C-2-1, 
C 



Hold Circuit 



FC-102 (4-9 3/4) 

VBP-225 

C-2.-6-6 



4^ 
00 
00 



Circuit Diagram 



■K FC-92 (12 1/2-13 2/3) 

)fBPi550 f J^-7-1 -1 

t c^=6-:l-2 

t___-A-it-l-6 Swlt,ch Out 

~^X_<iA-3^11 

SC-11 (12-0) [ 



H 



SBP-1-2 SwBP-3-28 



c^w8-3-4 



•► SC-1. .,.,9 
-H o. 1 



Sw8-3-(4) 



- F-14 



Str CtP^ f . o- 



Reset Str Ctr ' SBP-3- SwBP^lT"*' f 



Invert 1,..,9 ^•ff9 S^tch 'SwBPi^^ 



Invert 11, , . ,20 

0°1°2°3?4° 5°6°7°8°9° 
Sw RO ^8-1 ,2 



SC5-4,5 



1 



F-14 



+ FC-lOl (3-2 1/3) 



V15P-100 



3 Seq-3 1-2 



1. 



, Seq- 31-3 



fet31-4 



FC-10 2 (4-9 3/4) 
fij]^225 



-ti-*=p- 



,C-2 



Busa 



T^iLt 



tSU' 



Str Count,er 



,C-1 



C-2-6-6 

9- 

t 



[C-1-11-11 
t ^ 



C-2-1,.., 5-(12) 
C-2-6-(6) 



r^-'c:iri,..,ii-(i2) 



SWITCHES -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



SC-1,..,9 

Str Ctr Reset NO 

Str Counter 

Invert NC 
SBP-3-l,..,9 and 

SBP-6-10 
SwBP-l-l,..,9 
Switch Invert NC 
SwBP-l-ll,..,20 



Switch Common 
and RO 



+ SC-1 



.SC-2 



SC-3 



SC-4 

h::o. 



SC-5 



SC-6 
H o. 



SC-7 



SC-8 



SC-9 



Str Ctr Reset 

* 



XI 






t-^ 



str Ctr Invert 



"^^ 



"L^ 



* — *■ 



1— ^ 



T_i 



in 



iT"^ 



t_^^^ 



SEP 



Switch Invert R.O. 
Mldgs. 



^ .- 



1-1 ' — - 



3-2 ♦ 



^%r H~ 



^5S?zr-T 



^o^l^^^ 



3-6 ♦ 



2^2.9^ 



3-8 * 



-^OTgr-iTT 



SwBP 



1^ ^ 



1-13 3 
— o-^ 6- 



l:?Ji W 



1^ 



i^ c^ 



i^<^ 



1-17 7 
— o-V d- 



■* — O— • O— 



2^S. 



• — O— fr o— 



SWITCHED -continued- 



o 



Pick Up Circuit 



FC-9i!^ 

(12 1/2-13 2/3) 

vbp-:l48 



C-6-1-1 N 
C-5-1-1 N 
C-4-1-1 N 
C-3-1-1 Ni 
C-2-1-1 
C-1-1-2 
SBP-1-9 
SwBP-3-26 



FC-9:2 

(12 1/2-13 2/3) 

VBP-150 

A-8-1-1 

A-7-1-2 NC 

A-6-1-3 NC 

A-5-1-5 NC 

A-A-1-9 

A«3-2-6 

A-2-3-12 m 

A-1-(S-11 

FC-1,..,9 
FBP-33,..,49 
7BP-267,..,275 
Seq-29-1 Nd 

ivs m 

Seq-30-1,2 

Buss 

SC5-4,5 



FC-94 

(12 1/2-13 2/3) 

VBP-148 



C-6-1-1 
C-5-1-1 
C-4-1-1 
C-3-1-1 
C-2-1-1 
C-1-1-2 



NC 
NC 
NC 
NC 



Magnet 



Switch Invert 



Seq-30-l,2-(12) 
Seq-30-3-(4) 
IVS-OUT 



Str Counter 
Magnets 



Seq-29-l-(12) 
IVS Invert 



Hold Cij'cuit 



SC-11 (12-0) 
SBP-1-2 
Sw;BP-3-28 
Sw Invert-ll 



FC-97 (12-^) 

VBP-173 

Seq-30-3-4 



FC-97 (12-0) 

VBP-173 

Seq-29-1-12 



Cii'cuit Diagram 



±,F^4 (12 1/2-132/3) 



■C-^^l-l 
VB^54l*^ T J^"5-l -l 






^SC-11 (12-0) 

* ^ . Q . n ■ Q^ In vert-ll 
SBP5-2 SwBP-3-28 r . 



r oC-2-i-i 

tl_,^!:l=l-2 



Sw Invert-(12) 



<>. 



SBP-1-9 SwBF 



m^ 



+ FC-92 (12 1/2-13 2/5) 

""■"FT-N >:8-i-i 

VBF:550° Ta~7-i-2 

^^^l_,A-2-2-6 



"3*^3-30 SBP^2-9"'f^ 



Seq-30-l,2-(12) 

Seq-3C)-3-(4) 
IVS-OUT 



FC-97 (12-0) 
Jzl_.,__o__^ 



VBP=a73 



c^3=30-3-4 



t__^jA-2-^-12 



J F-18 



±J^..,9 



=q;-7— O- 



Sea-29";1 



F13F:^37T . ,49 VBP:^6r 
,..,275 



0°1°2°3°4Y5°6°7°8°9° 
IVS m I jSeq-3 0-1.2 

t . o o§e5=4,5 

Buss t Kilr<l>^"^ 

erTjiacnet 



+FC=94 (12 1/2-13 2/3) 



a 



__^^ ^-6-1-1 

VBP;548^ T oC-5-1- 1 

n^ oC-4-1-1 

^T_.3S=2=J-l 

L_oC=2-l-l 

| FC-9 7 (12-0) f oC-1-1 -2 

^I, ^-. ^eg:^9-l-12 t 



Str Counter Magnets 



IVS Invert 



'VBl^3 



t 



]~S^cH^9^:ir^) 



- F-18 



STORAGE COUNTERS 



CYCLE 0. Assuming that is is desired to read out of storage counter 3, code 21, into storage counter 1, code 1, the sequence mechanism 
reads the line of coding (21, 1, blank). The sequence relays are picked up. The storage counter 3 out and storage counter 1 in relays are 
energized. If the code 1 in the Miscellaneous column is read, an additional circuit is closed, if a stands in the 2Ath column of counter 
3, picking up the storage counter invert relay and thus causing the negative absolute value to be read out. If the code 2 in the Miscella- 
neous column is read, an additional circuit is closed, if a 9 stands in the 24th column of counter 3, picking up the storage counter invert 
relay and thus causing the positive absolute value to be read out. Assuming that it is desired to reset counter 1, the sequence mechanism 
reads the line of coding (1, 1, blank). The storage counter 1 out and in relays and the storage counter reset relays are picked up. The 
energizing of the storage counter reset relay opens the circuit to the carry control relay, 

CYCLE 1, The storage counter magnets are energized. The storage counter carry control, carry and 24th column carry relays are picked up. 
The carry impulse completes the storage counter entry. 



Magnet 



Seq-A-2-1, . . ,6 

Seq-A-l-l,..,ll 

Seq-B-l-l,..,ll 

SC3-1,2,3 Storage Counter Out 

SCl-4,5,6 Storage Counter In 

Storage Counter Magnets 

SCl-9 Storage Counter Carry Control 

SCl-7,8 Storage Counter Carry 

SCl-10,11 24th Column Carry 

SC3-10,11 24th Column Carry 

Storage Counter Invert 

Str Ctr Invert (- Absolute Value) 

Str Ctr Invert (+ Absolute Value) 

Storage Counter Reset 



Pick Up Circuit 



FC-101 (3-2 1/3) 
VBP-100 
Seq-31-1, 2,3,4 
Reading Pins 



Magnet 



A-2-l,.,,5-(12) 
A-2-6-(6) 
A-1-1,..,11-(12) 
B-l-l,..,ll-(12) 



Hold Circuit 



FC-102 (4-9 3/4) 

VBP-225 

A-2-6-6 

A-i-n-n 
B-i-n-n 



Cycle 



Cycle 1 



I I 



Circuit Diagram 



+ FC-101 (3-2 1/3) 



,|eg::21-2 



,^eq-31-3 



^^ea^l-h 



FC-10 2 (4-9 3/4) 



-A-2 



Jl-2-6 -5" 
t 



tJU 



( ♦^ 



.A-1 



jA-i-n -ii 



-B-l 



H 



w^22sr 



A-2-l,..,5-(12) 
^-2-6-(6) 



- F-16 
'A-l-l,..,ll-(12) 



- F-17 



1 "^ Li^i-n |^-^^-'S:iJi,r.,ii-(i2) 



STORACtE COUWrSRS -contlnued- 



to 



Pick i[Jp Circuit 



Uagnet 



Hold Circuit 



Circuit Diagram 



FC-92 

(12 1/2-13 2/3) 
7BP-150 
A-8-1-1 NC 
A-7-1-1 NC 
A-6-1-1 NC 
A-5-1-1 NC 
A-4-1-1 NC 
A-3-1-1 NC 
A-2-1-1 
A-1-1.-2 
SBP-l(D-3 



FC-93 

(12 1/2-13 2/3) 
VBP-LI»9 
B-8-1.-1 NC 
B-7-I-1 NC 
B-6-1-1 NC 
B-5-L-1 NC 
B-4-1-1 NC 
B-3-1-1 NC 
B-2-1-1 NC 
B-1-1-1 
SBP-8-1 



Storage Ctr Out 
SC3-1,2-(12) 
SC3-3-(4) 



Storage Ctr In 
SCl-4,5-(12) 
SCl-6-(4) 



3C-1,..,9 

Str Ctr Reset NC 

Str Counter 

Invert NC 
SBP Ri3ws 3,.., 7 
Str Ciir RO 
SC3-1,2 Str Ctr 

Out 
Buss 
SCl-4,5 Str Ctr 

In 



Storage Ctr 
Magnets 



SC-11 (12-0) 

SBP-1-2 

SC3-3-4 



SC-n (12-0) 

SBP-1-2 

SCl-^-4 



FC-9 2 (12 1/2-13 2/3) 

. H . p.. aA-6-l-l 

\fm30 ^l_oA=2-l-l 



r oA-6-j.-i 



L._-oA=5=l-l 






Str Ctr Out 



L_oA=2=l-l 



i_oA=ki-2 



SC-U (12-0) 
-HU-_^0 oSC3=3-4 



1 



-^SB^lO-3 1 ^5^2^(12) 
SC3-3-(4) 



- F-14 



4 ,FC-?3 (12 1/2-13 2/3) 
.B-8-1-1 



F C-93 (12 : 



m^^m^ 



.B-7-1-1 






!l_j=4-i-i 



■""—f ,B-3-l -l 



Str Ctr In 



I_.,B:!ki-i 



SC-11 (12-0) 

-H , — o — 



t 



^SCl-6 -4 



SCl-6-(4) 



t- SC-1. ...9 . 



Str Ctr "Reset T 



ziPs 



Str Ctr Invert SBP Rows 



1,..,10 Str Ctr RO 



3 7 

Posts 1°2°3V5°6°7T8°9° ^SC3-1,2-1, » „12 



1— , 



TSuBs 



^SCl-4 ,5-l,..,12 F-14 

StrCountef' 
Magnets 



STORAGE COUNTERS -continued- 



Pick JJp Circuit 



Uagnet 



Hold Circuit 



Circuit Diagram 



SC-1,..,9 
Str Ctr Reset NC 
Str Counter 
Invert NC 
SBP Rows 3,.., 7 



Str Counter 
RO Moldings 



n=r .<> f 



^ 



SC-: 



a 



str Ctr Reset 



SC-2 



I_ 



T . . 



SC-. 



a- 



SC-5 



s. 



SC-6 



,SC-8 



SC-9 



:bl^ 






str Ctr Invert 



a 



SB? Rows RO 
3,.., 7 Moldings 



^ ^-^ °3 



-% — * °4 



K^ — - oj- 



■^^ • " V 



^ -^ ^ 



^ • " ^ 



-O- • » o— 

10 






Pick Up Circuit 



SC-13 (2-1 1/2) 
Reset-lO NC 
SBP-].-4 
SCl-6-1 



SC-12 (11-3A) 

SBP-].-3 

SC1-S>-1 



SC-12 (11-U) 

SBP-].-3 

SCl-S'-2 

9 or 10 Contact 

SC-15 (13-15 1/3) 
SBP-].-6 

SC3-3-1 

9 or 10 Contact 



FC-94 

(12 ]./2-13 2/3) 

VBP-]Jlf8 
C-6-].-l NC 
0-5-1-1 NC 
C-4-] -1 NC 
C-3-]-l 
C-2-1-2 
C-1-3.-4 NC 
SBP-].-12 



FC-lOO 
(13-15 1/4) 
Seq-].0-l-l 
SC-17(14-14 1/2) 
SBP-].-10 
SC3-11-2 NC 
SC3-3-3 
SBP-1-12 



Magnet 



Str Ctr Carry- 
Control 
SCl-9-(4) 



Str Ctr Carry 
SCl-7,8-(12) 



24th Col Carry 
SCl-ll-(4) or 
.-10-(4) 



SCl- 



24th Col Carry 
SC3-ll-(4) or 
SC3-10-(4) 



Str Ctr Invert- 
(12) 



Hold Circuit 



Invert (lllnus 
Absolute RO)- 
(12) 



SC--14 

(2-14 1/16) 
SBP-1-5 
SC].-9-4 



SC--11 (12-0) 
Invert-12 



SC-11 (12-0) 
Invert-12 



STOM,GE COUNTERS -continued- 






Circuit Diagram 



» SC-13 (2-1 1/2) 



H ■ „Reset -10 

'■^^" ^ .SCl-6 -1 

SC-14 (2-14 1/16) 

TT i-L _SCl-9 -4 



sci-^4) 

Str Ctr Carry 
Control 



+ SC-12 (11-14) 

~*~R" ^ ^SCl-9-1 

_L_j_^.ggpQj.^^.. ° jT ___-. F-14 

^'"^■^■JPfJ^ilZ) Str Ctr Carry 



+ SC-12 (11-14) 



- F-14 



^ SCl-9-2 _^ 91' 



^■^*-'T"36l^l-(4) 24th Col Carry 



'^^^ SCl-10-(4) 

+J3C-15 (13-15 1/3) , .^ .^-*-<i"^ 

IBl n - SC3-3-1 , 9f '^■^^^r3c3^-(4) 

,,j^^ SC3-10-(4) 

+ FC-94 (12 1/2-13 2/3) 

'WP^S^T C-5-1-1 

°^—^ C-3-1-1 

^ T c-2-1-2 

T — O' 



24th Col Carry 



SC-11 (12-0) 

':hi 



c-1-1-4 



Jnvert-12 



T 



Str Ctr Invert 



- P-14 



§S^^:i2>^^n^^rt-(12) 



+ FC-lOO (13-15 1/4) 



seq-10-i-i 

^^—"^ SC-17 (lii^-14 1/^"^ _ ^SC3-3-3 



^■^H 



SC3-11-2 

-o— — o- 



SG-ll (L2-0) 

:bi 



-sBi'^^TLcr 



Minus Absolute RO 
- F-14 



* ^B^:ii2T^r^rt-(12) 



Invert-115 



-o- 



STORAGE COUNTERS -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



FC-lOO 

(13-15 1/4) 

Seq-11-1-1 

SC-18(14-U 1/2) 

SBP-1-11 

SC3-11-2 

SG3-3-3 

SBP-1-12 

SC-16 

(U-15 1/3) 

SBP-1-7 

SCl-6-2 

SCl-3-2 

SBP-2-12 



SC-10 

(12-12 1/2) 
SBP-1-1 
Str Ctr Carry 

Contacts 
SCl-7,8-l,..,12 
SCl-11,10-1 



Invert (Plus 
Absolute RO)- 
(12) 



Str Counter 
Reset-(12) 



Str Counter 
Magnets 



5C-11 (12-0) 
Invert-12 



SC-11 (12-0) 
Reset-12 



i- . FC-lO O (13-15 1/4) 



a 



=11 (12-0) 



Sea-11 -1-1 SC3- 11-2 

t . .SC-lg (14-14 i72ri o oSC3-3-^ 

H . Q, ^ 1 t_ 

SBPi^-11 



Plus Absolute RO 



&vert-(12) 



-» — o — — 
SBP^l-i2 



t^ 



JriYsrt-12 



f , SC-16 (14-15 1/3) 

H . o_^SCl-6-2 
SBP-5^ T 
LSC-11 (12-0) 



a 



,^ci=3-2 



str Ctr Reset 



pReset -12 



4 SC-10 (12-12 1/2) 
M . ^ 




.SCl-12-2 



SBP-1-1 



SCl-12-:: 



9K. 
.lOf 



9^: 

JLOf 



9£ 



IJ t___^Col.l 
^^CL:7-2 



9^ 
lOf 



■,SCl-1 3-2 



SCl-13-3 



9£ 
JOf 



SCl-11-1 

* — 

SCl -10-lg 



^Carry Booster- 
■'^■^ 12-(4) 



^Cl-7 -12 



* . Ji^Col-12 



t jSCl-8 -1 
«SCl-8-ll 



t_____J^,Col.23 



SCl-8-12 



^ parry Booster- 
■"^13-(4) 



^^^^^^^^k 



- F-14 



Str Ctr Magnets 



en 



HIGH ACCURACY 

CYCU: 0. Assuming that it is desired to read firom register R into storage counter 68, code 73, idth the ganged carry control, the sequence 
mechanism i-eads the line of coding (R, 873, blank). The sequence relays are picked up. The storage counter 68 in relay and the special 
storage counter 68 in relay are picked up, 

CYCIS; 1. Through the special storage counter 68 in relay, the carry interlock relay, ganging the carry circuits of counter 68 and 69, is 
picked up. 



CD 



Llagnet 



Seq-B-8-1 

Seq-B-7-1 

3eq-B-3-l,2,3 

Sp68-In 

SC68-In 

Storage Counter Magnetti 

Carry Interlock-2 

SC68-9 Carry Control 

SC69-9 Carry Control 

.3068-7,8 Carry 

SC69-7,8 carry 



Cycle 



Cycle 1 



Pick Up Circuit 



FC-101 (3-2 1/3) 
VBP-100 
Seq-31-1,2,3,4 
Reading Pins 



l(!agnet 



B-8-l-a) 
B-7-l-(4) 
B-3-l,2,3-(l2) 



FC--102 (4-9 3/4) 

vb:p-225 

B-13-1-4 
B-7-1-4 
B-3-3-11 



Hold Circuit 



Circuit Diagram 



» FC-10 3. (3-2 1/3) 

:H1_^t „Sea=31-l 



\fBP-100 



Seq-31-2 



Se3-31-3 



fet31-4 
t_ 



.B-8 



T ^itt 



8-1-4 



.<^=2- 



.^=1- 



,FC-10S: (4-9 3/4) 



r ^ 






B-8-l-(4) 



2=3^1 

U 



B-7-l-(4) 



^- F-17 
B-3-l,2,3-(l2) 



HIGH ACCURACY -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



FC-93 

(12 1/2-13 2/3) 

VBP-149 

B-8-1-1 

B-7-1-2 

B-6-1-4 NC 

B-5-1-7 NC 

B-4-2-1 NC 

B-3-3-1 

B-2-5-2 NC 

B-1-9-3 NC 

FC-93 

(12 1/2-13 2/3) 

VBP-149 

B-8-1-1 

B-7-1-2 

B-6-1-4 

B-5-1-7 

B-4-2-1 

B-3-3-1 

B-2-5-2 

B-1-9-3 

Sp68-1 



Sp68-IN-(4) 



SC68-4,5-(12) 
SC68-6-(4) 



SC-13 (2-1 1/2) 
Reset-10 NC 
SBP-2-4 
Sp68-3 
Sp69-3 



SC-13 (2-1 1/2) 
Reset-10 NC 
SBP-2-4 
SC68-6-1 



SC-13 (2-1 1/2) 
Reset-10 NC 
SBP-2-4 
SC69-6-1 



Carry Interlock- 
2-(6) 



Carry Control 
SC68-9-(4) 



Carry Control 
SC69-9-(4) 



SC-11 (12-0) 
SBP-2-2 and 
SC68-6-4 
Sp68-1 or 
Sp68-4 



SC-11 (12-0) 

SBP-2-2 

SC68-6-4 



sc-14 

(2-14 1/16) 
SBP-2-5 
CI-2-6 



SC-14 

(2-14 1/16) 
SBP-2-5 
SC68-9-4 



SC-14 

(2-14 1/16) 
SBP-2-5 
SC69-9-4 



4-^FC- 93 (12 l/2-;3 2/3) 



Q qB— 8— 1 — 1 

VBP-149 ♦ oB-7-1-2 

\ tfi-6-1-4 



ISC4I (12-0) 



, Q . qSC68— 6— Zl 



SBP-2-2 



t_^l=5=l-7 Special Str Ctr IN 

I (B=4=2-l Sp68-IN-(4) 

" T c^3-3-l 
,Se68-1 ♦ oB-2-5 -2 

f c^3l"9-3 F-U 
t ^iL^--o 



_oSb6S-4 



+JC=23 (12 1/2-13 2/3) 
H r^^-e-1-1 



VBP^549 r oB-7-1-2 



t oE=6=l-4 



t ^'i-l -? Normal Str Ctr IN 

f gB-4-2-1 SC68-4,5-(12) 

^T c^3-3-l SC68-6-(4) 



j SC-ll (12-0) 



c=n(: 
-R-sa 



SBP-2-2 

* SC-13 (2-1 1/2) 
jt-io 



qSC68-6-4 



f oB--l-9-3 
i cPp6e- l ' 



F-14 



n§E68r3 



1-14 (2-14 1/16) SBP-2-4 



SC-14 (2-14 l/li 
H . " ^ o- — ♦ 



Jfipd2-3 



^CI-2- 6 



SBP-2-5 

4 SC-13 (2-1 1/2) 

H , Jteset -lO 

SC;d4 (2-m/16) T . o 

n=T , o , ^SC6^ 9-4 SBP^^2:X 

SBP-2-5 r . 

•», SC-13 (2-1 1/2) C 

H . r> Reset -10 



eJSC68- 6-l 



T 



<:^-l4 
Carry Inter lock-2-(6) 



Str Ctr Carry Control 
SC68-9-(4) 
-c F-14 



-c£I=2r5 



T~ , Q ^C6<?- 6-l 
SC-14 (2-14 1/16) SBPi5-4 r . 

H . c>— - o SC69-9-4 

S^i5-5 4 , 



Str Ctr Carry Control 
SC69-9-(4) 



HIGH ACCURACY -continued- 



SC-10 

(12-;L2 1/2) 
SBP-:2-l 
Str Ctr Cariy 

Contacts 
SC68.-7-l,..,12 
SC69"S-1,..,12 
SC68--11,10-1 
SC69'-7-l,..,12 
SC69'-8-l,.,,12 
SC69--11,10..1 



Pick Up Circuit 



Magnet 



Counter Magnets 
Ctrs 68 and 69 



Hold Circuit 



Circuit Di.agram 



±JSC^0 (12-12 1/2) 



SB]>-2-l 



col.l 9±_ 

l ot 



col.2 9£_ 
10 » 



col. 23 9jE 



SC68-11-1 
SC6 8-10-3J 



col. 24 



SM:r^ 



C 1-2-4 



col.l 9jE 
l^ 



col.2 9jr 



col.23 9 < 7 
10^ 

SC69-11-1 
f — 

SC69 -10-3J 



CI-2- 1 



n-2-2 



_r 



col. 24 



Counter 68 
pSC68-7-l 
J i. . ^^ col. 1 



-oSC6a-7-2 

t— ^- ^ 



,SC68-8-ll 



SC68-8-12 



t 



SC69-7-2 



SC69-8-11 



,SC69-8"12 



^^ 



^SU 



Counter 69 
_oSC69-7-l 

* . .Si^ 



^Si^ 



^^ 



col, 2 



col. 23 



col. 24 



col. 1 



col. 2 



col. 23 



.^.^j^col. 24 



_oo 



CHOICE COUNTER 

CYCLE 0, The sequence mechanism reads the Miscellaneous code U32 and picks up the corresponding sequence relays. The choice relay of 
counter 70 is picked up. Through the choice relay the storage counter 70 24th column carry relay is picked up. If there is a 9 standing 
in the 24th column of counter 70, the energized choice relay completes a circuit to pick up the storage counter invert relay. 



Magnet 



Seq-C-4-1,2 

Seq-C-3-1,2,3 

Seq-C-2-l,..,6 

Choice Relay 

SC70-11 24th Column Carry 

Storage Counter Invert 



Pick Up Circuit 



FC-101 (3-2 1/3) 
VBP-100 
Seq-31-1,2,3,4 
Reading Pins 



FC-94 

(12 1/2-13 2/3) 

VBP-148 

C-6-1-1 NC 

C-5-1-1 NC 

C-4-1-1 

C-3-1-2 

C-2-1-4 

C-1-1-8 NC 



Magnet 



C-4-l-(12) 

C-4-2-(6) 

C-3-l,2,3-(12) 

C-2-l,..,5-(12) 

C-2-6-(6) 



Choice Relay-(6) 



Hold Circuit 



FC-102 (4-9 3/4) 

VBP-225 

C-4-2-6 

C-3-3-11 

C-2-6-6 



SC-15 

(13-15 1/3) 
SBP-2-6 
Choice-6 



Cycle 



Cycle 1 



Circuit Diagram 



+FC-lpl (3-2 1/3) 
~"~FT.,_o,,, Seq-31-1 



VBP^nSO 



iSeq-31-2 



be3-31-3 



[Seq-31-4 



( «•-<* 



C-4_ 



4-2-6 



{ ^*-^ 



P"3 



te: 



C-2 
♦-0 



.FC-102 (4-9 3/4) 



H 



imF^sr' 



■^SU 



11 



■^Jb 



b-6-6 



C-4-l-(12) 
C-4-2-(6) 



C-3-l,2,3-(12) 



n 1 . _y- F-18 

C-2-6-(6) 



■H. FC-94 (12 1/2-13 2/3) 



FT. ,cv^-6-i-i 



c-4-1-1 



t_c-3::i-2 



t_^C-2-l-4 



.SC-15 (13-15 1/3) 
SBP-5^ 



f pC-i-i-^ 



Choice-6 



_ -^F-14 
hoice' 
Relay-(6) 







CHOICE COUNTER -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diaf^ram 



FC-% 

(12 1/2-13 2/3) 

vbp-:l4S 



NC 



C-6-1-1 

C-5-1-1 

C-4-1-1 

C-3-]l-2 

C-2-1-4 

C-1-1-8 

Choice-6 

Choice-1 

9 Contact 



SC-16 

(U-15 1/3) 

SBP-2-7 

SC70-11-3 

Choice-2 

SBP-1-12 



24th Column 
Carry 
SC70-ll-(4) 



SC.-15 

(13-15 1/3) 
SBP-2-6 
Choice-1 



■I- FC-94 (12 1/2-13 2/3) 
HI- - .C-6-1-1 



■— ^^^^_c-4:.i-i 



C-3-1-2 

T C-2-1-4 
t o- 



t_^zt}'^ 



SC-15 (13-15 1/3) 



Choice-6 
-O— - — 

♦ ,Choice-l 



Str Counter 
Invert- (12) 



SC--11 (12-0) 
Invert-12 



XT' ^ 
+_SC-16 (14-15 1/3) 



^ • -45^^:1^(4)^ 

24th Col. Carry 



lOt 



Choice-2 
« o- 



SC-11 (12-0) 



- F-14 



Invert-12 



2]:::i2->%I^^^i^i2) 



MJO CO UNTER ( Normal) 

If the code Out 7321 or In 7321 is read by the sequence mechanism, the normal storage counter 71 out control or the normal storage counter 
71 in control relay is energized. These in turn control the pick up of the normal storage counter 71 out and normal storage counter 71 in 
relays respectively. 

MJO CO UNTER ( Special) 

CYCLE 0, Assuifting that columns 13-24 of the MIO counter are to be read to columns 13-21^, of register R, the sequence mechanism reads the 
line of coding (853, R, blank). The sequence relays are energized. The special out (direct) relay is energized and through it the normal 
storage counter out relays 2 and 3 are picked up. Assuming that columns 13-24 of the MIO counter are to be read to columns 1-12 of 
register R, the sequence mechaniaa reads the line of coding (8531, R, blank). Through the corresponding sequence relays, the special out 
(shifted) relay is energized and In turn the normal storage counter out relay 3 is picked up. 

Assuming that columns 13-24 of register R are to be read into columns 13-24 of the UIO counter, the sequence mechanism reads the 
line of coding (R, 853, blank) . The sequence relays are energized. The special in (direct) relay is energized and through it the normal 
storage counter in relays 5 and 6 are picked up. Assuming that columns 1-12 of register R are to be read to columns 13-24 of the MIO 
counter, the sequence mechanism reads the line of coding (R, 8531^ blank). Through the corresponding sequence relays, the special in 
(shifted) relay is energized and in turn the normal storage counter in relay 6 is picked up, 

CYCLE 1, If reading into the MIO counter, the carry control, carry, 24th column carry a.nd carry back control relays are energized. The 
energized carry back control relay opens the carry circuit from column 12 to column 13 and closes an end around carry circuit from column 
24 to column 13. The carry impuLse may then complete the MIO counter entry. 



MIO COUNTER -continued- 



Ifagnet 



Sequence relays 

SC71-14 Normal Str Ctr Out Control 
SC71-1,2,3 Normal Str Ctr Out 
SC71-16 Normal Str Ctr In Control 
SC71-4,5,6 Normal Str Ctr In 
SC71-15 Special Out (direct) 
SC71-18-1,2 Special Out (shifted) 
SC71-17 Special In (direct) 
SC71-19-1,2 Special In (shifted) 
SC71-20 Carry Back Corttrol 
Storage Counter Magnets 



Pick Dp Circuit 



FC-92 

(12 1/2-13 2/3) 

VBP-150 

A-8-1-1 NC 

A-7-1-1 

A-6-1-2 NC 

A-5-1-3 NC 

A-4-1-5 NC 

A-3-1-9 

A-2-2-6 

A-1-3-12 

SC-11 (12*0) 

SBP-2-2 

SC71-14-1 



SC-ll (12-0) 
SBP-2-2 
SC71-14-2 
SC71-15-1 



SC-11 (12-0) 

SBP-2-2 

SC71-14-3 

SC71-15-2 

SC71-18-2-1 



Magnet 



Normal Str Ctr 
Out Control 
SC71-14-(6) 



Normal Str Ctr 
Out 
SC71-1-(12) 



Normal Str Ctr 
Out 
SC71-2-(12) 



Normal Str Ctr 
Out 
SC71-3-(4) 



Hold Circuit 



SC-11 (12-0) 

SBP-2-2 

SC71-14-6 



Cycle 



Cycle 1 



I I I I I I I I I 



Circuit Diagreim 



FC-92 (12 1/2-13 2/3) 



TT , o pA-8-1-1 

ygfiosoy „A-7-l -l 






T \A-4-l -5 



Normal Out Control 
SC71-14-(6) 



T-^t2i:^9 



SC-ll (12-0) 

*—* — • — =o 



* cM2=2-6 



SBP-2-2 



■ ,SC71- 14-6 



t oA-l--?-12 



^ — h-^^Cli' 



4 . SC-11 (12-0) 

H . o , oSC71- 14-l Normal Str Ctr Out 

'SBp22-2' t__ JL^-.-^F-14 

^■^C71^-(12) 

•*■ SC-11 (12-0) 

' H . f. , -SC71- 14-2 

aBPiS^ir T f" . Normal Str Ctr Out 




4- ,SC-11 (12-0) 
' H , _o . 3SC7I- I4-3 




Normal Str Ctr Out 
SC71-3-(4) 

- F-14 



4k. 

en 



MIO COUWTER -continued- 



Pick Up Circuit 



FC-93 

(12 1/2-13 2/3) 

VBP-l'+9 

E-e-1-1 NC 

B-7-1-1 

B-6-1-2 NC 

B-5-1-3 NC 

B-4-I-5 NC 

B-3-1-9 

B-2-2-6 

B-1-3-12 



SC-11 (12-0) 

SBP-2-2 

SC71-16-1 



SC-11 (12-0) 
SBP-2-2 
SC71-16-2 
SC71-17-1 



SC-ll (12-0) 

SBP-2-2 

SC71-16-3 

SC71-17-2 

SC71-19-2-1 



FC-92 

(12 1/2-13 2/3) 

VBP-150 



NC 
NC 



A_8-l-l 
A-7-1-2 
A-6-1-3 
^-5-1-5 
/V-4-1-10 NC 
A-3-2-7 
A-2-4-2 NC 
A_l_7_3 NC 



Magnet 



Normal Str Ctr 
In Control 
SC71-l6-(6) 



Normal Str Ctr 
In 
SC71-/f-(12) 



Normal Str Ctr 
In 
SC71-5-(12) 



Normal Str Ctr 
In 
SC71-6-(4) 



Special Out 
(direct-cols, 
13-24 to cols. 
13-24) 
SC71-15-(6) 



Hold Circuit 



SC-11 (12-0) 

SBP-2-2 

SC71-16-6 



SC-11 (12-0) 

SBP-2-2 

SC71-15-6 



en 

IN9 



Cij'cuit Diagram 



+ £0=23 (12 1/2-13 2/3) 
_H_.<>.o2=Sjl-l 



VB1'S49 L_oB=Z=l-l 

4 .^6-6-1 -2 



t_oIk5=l-3 



SQ=Xl (12-0) 






A:- 



■>SC71- l6-6 



SBP-2-2 



Normal In Control 
SC71-l6-(6) 

^__oE=3=l-9 

t oP-2-2-6 

t (j^-1-3-12: 

J F-14 



+ SC-11 (12-0) 



^SC71- 16-1 



SBP-2-2 



Normal Str Ctr In 
SC71-4-(l2) 

-.JU-^N^ F-14 



+. SC-11 (12-0) 

-,. — r> — <? 



5C71- 16-2 



3BP-2-2 




■f SC-11 (12-0) 
. [— I .— -Q- 



SBP-2-2 



^C71-16-3 



JgC71rl7-2 



j;SC71-19-2-l 



Normal Str Ctr In 
SC71-5-(12) 

T F-14 



Normal Str Ctr In 
SC71-6-(4) 

- F-14 



+ FC-92 (12 1/2-13 2/3) 
' H , o pA-S-l-l 
VBS550~~t 



Special Out (direct) 
SC71-15-(6) 



SC-ll (12-0) 



A-7-1-2 

i Ji-4-1-10 

~f oA-3-2-7 

\ c^=2-4-2 

f oA-1-7-3 



.3071-15-6 



t 



SBP-2-2 



ir^ 



F-14 



MIO COUNTM -continued- 



Pick Up Circuit 



NC 
NC 



FC-92 

(12 1/2-13 2/3) 

VBP-150 

A-8-1-1 

A-7-1-2 

A-6-1-3 

A-5-1-5 

A-4-1-10 NC 

A-3-2-7 

A-2-4-2 NC 

A-1-7-3 

FC-93 

(12 1/2-13 2/3) 

VBP-1/^9 
B_8-l-l 

B-7-1-2 NC 
B-6-1-3 NC 
B-5-1-5 
B-4-1-10 NC 
B-3-2-7 
B-2-4-2 NC 
B-1-7-3 NC 

FC-93 

(12 1/2-13 2/3) 

VBP-149 

B-8-1-1 

B-7-1-2 

B-6-1-3 

B-5-1-5 

B-4-1-10 NC 

B-3-2-7 

B-2-4-2 NC 

B-1-7-3 

SC-13 (2-1 1/2) 
Reset-10 NC 
SBP-2-4 
SC71-17-3 
SC71-19-2-2 



NC 
NC 



Magnet 



Special Out 

(shifted-col?, 

13-24 to cols. 

1-12) 

SC71-18-1-(12) 

SC71-18-2-(6) 



Special In 
(direct-cols, 
13-24 to cols. 
13-24) 
SC71-17-(6) 



Specieil In 

(shifted-cols, 

1-12 to 00 Is, 

13-24) 
SC71-19-1-(12) 
SC71-19-2-(6) 



Carry Back 
Control 
SC71-20-(6) 



Hold Circuit 



SC-11 (12-0) 

SBP-2-2 

SC71-18-2-6 



SC-11 (12-0) 

SBP-2-2 

SC71-17-6 



SC-11 (12-0) 

SBP-2-2 

SC71-19-2-6 



SC-14 

(2-14 1/16) 
SBP-2-5 
SC71-20-6 



Circuit Diagram 



■>• FC-92 (12 1/2-13 2/3) 



a 



^-<WiA=8=l-l 

T n^-^'} -3 Special Out (shifted) 

f A-5-1 -5 SC71-18-1-(12) 

♦" .A-4-1 -10 SC71-18-2-(6) 
^^'-^_A-3::_2-7 



SC-ll (12-0) 



SBPi:2-2 



SC71-18-2-6 



. A-2-4-2 



t ^ 



^ — I ^^W^g^ 



->• FC-93 (12 1/2-13 2/3) 



Special In (direct) 
SC71-17-(6) 



VBP^TO ^^ ^B-7-1 -2 

^^ ^ ^B-6-1 -3 

^^r_B-5-i-5 

° r B-4-1-10 

— ^^^yB-3-2-7 

' ° — T B-2-4-2 

^SC-11 (12-0) ^ ^ — f B-l-7*3 

• mr .<?n7i _i 7_A ' — — X- 

.. M , — U), 



■>-. FC-93 (12 1/2-13 2/3) 
' H . o c^B-8-1 -1 



SC71-17-6 



^-jJI^Tii^ 



Smpgig^~r ^B-7-1-2 



"^—J B-5-1-5 

rB-4-1-10 
' o 



^_B-3^2-7 



Special In (shifted) 
SC71-19-1-(12) 
SC71-19-2-(6) 



SC-11 (12-0) 



7 B-2-4-2 

X rt _ 



SC71-19-2-6 



T_B-l-7-3 



t ^ 



^t— -pJL-pr5j^ 



+ SC-13 (2-1 1/2) 
I— I . Reset -lO 



SC7i-l9-2-2' 



SC-14 (2-14 1/16) 
nPT . ^ ^SC71- 20-6 



- P-14 

Carry Back Control 
SC71-20-(6) 






MIO COUNTER -continued- 



Pick Up Circuit 



SC-IO 

(12-12 1/2) 
SBP-2-1 
Str Ctr Carry 

Conctacts 
SC71-7,8-l,..,12 
SC7L-11,10-1 
SC71-20-1 



Str Counter 
Uagnets 



Hold Circuit 



Circuit Diagram 



•i-,SC-l( ) (12-12 1/2) SC71-12-2 



.^,,0^^ ^C71-12-2 






5-i 



9^ 

lOy 



I 



■ SC71-7-1 

ZTt — ^ 



JOf 






1 



SC71-13-2 



SC7W3-- 



9*~~ 



_£" 



A Carry Booster-12-(4) 



.^Col.l 



SC71-7-2 



^j^Col.2 



SC71-7-12 



-^ 



SC71-50^ 



iOf 



9^: 



SC71-11-.1 
f 
SC71 -10-1J 



SC71-8-1 



^JL.' 



SC71-8-11 



-JL 



SC71-8-12 



-viL- 



Col. 12 



Q Carry Booster-13-(4) 



Col. 13 
Col. 23 



Col. 24 



Str CtFiSgnets 



i lUTOMATI C CHECK COUHTER 

CYCM 0. Assuming that a positive tolerance is stored in switch R, the sequence mechianism reads the Hne of coding (R, 74, 7), and steps 
to the need; line. The corre8pondin,g sequence relays and tlirough them the switch R out and stoi-age counter 72 in relays are energized. 

CYCILE 1. The tolerance is read from switeh R into storage counter 72. Assuming that the quantity to be checked lies in stora-ge counter 
A, the sequence mechanism reads the line of coding (A, 74, 71), and steps to the next line. The conresponding sequence relays and through 
them the storage counter A out relay, the j^orage counter 72 in relay and, if necessary to provide the negative absolute valu.9, the stor- 
age counter invert relay are emtrgiieed. 

CYCLE 2. The negative absoluto value of the quantity stainding in counter A is read into coun1;er 72. The normal carry circuits are closed 
and the carry impulse completes the entry. The sequence mechanism reads the line of coding (blank, blank, 64), and steps to the next line. 
The corresponding sequence relajrs are energized and througli them t,he check control rel&y is Pi«ked up. If the t^sol^J^^.^^J;^!, °J *^« ^l'^*"" 
tity read in ft*om counter A is ].ess than the tolerance, the 24th column tens carry contact is mde and the check relay is picKed up. 



CYCltE 3. The energized check i-elay closeo a circuit shunted across the start relay points to pick up the read control 
cluibch magnet. Thus the oalculiAtor continues in operatioi only if the check relay is picked up. 



relay and the 



AUTOMATIC CHECK COUNTER -continued- 



Magnet 



Seq-C-6-1 

Seq-C-4-1,2 

Seq-8-1 Check Control 

SC72-9 Str Ctr Carry Control 

SC72-10 24th ColTiran Carry 

Check Relay 

Seq-31-1 Read Control and Clutch Magnet 



Pick Up Circuit 



FC-101 (3-2 1/3) 
VBP-100 

Seq-31-1, 2,3, 4 
Reading Pins 



FC-96 (2-1 1/3) 
VBP-172 
C-6-1-2 
C-5-1-2 NC 
C-4-1-3 
C-3-1-6 NC 
C-2-1-11 NC 
C-1-2-9 NC 



SC-12 (11-14) 
SBP-2-3 
SC72-9-2 
10 Contact 

SC-12 (11-14) 
SBP-2-3 
SC72-10-2 
Seq-8-1-1,2 



Magnet 



C-6-l-(6) 

C-4-l-(12) 

C-4-2-(6) 



Check Control 
Seq-8-l-(4) 



Str Ctr 24th 
Col. Carry 
SC72-10-(4) 



Check Relay-(4) 



Hold Circuit 



FC-102 (4-9 3/4) 
VBP-225 
C-6-1-6 
C-4-2-6 



FC-102 (4-9 3/4) 

VBP-225 

Seq-8-1-3 



SC-n (12-0) 

SBP-2-2 

Check-4 



Cycle 2 



Cycle 3 



Circuit Diagram 



t.FC-lQl (3-2 1/3) r^SQzSl-l 



m 



VBP-100 



Seq-3 1-2 

t 



Seq-31-3 



Seg::31-4 



L FC-102 (4-9 3/4) t 

■ H ... o^ . 

VBPiSs 
+ FC-96 (2-1 1/3) 



.C-6 



.6-1-6 



t^JLi 



,eoC=^ 



4-2-6 



t 



C-6-l-(6) 



_ - F-18 

C-4-l-(12) 

C-4-2-(6) 



'C-96 (2-: 

^ r ^C-5-1-2 



FC-102 (4-9 3/4) 




H 



sCfe 



VBP-225 

+.SC-L Z (11-14) 

. 1 I - o 

SBPi^S^O^ 



Seq-8 -1-3 



Check Control 
oC-2-1 -11 Seq-8-l-(4) 

f pC-1-2 -9 

T n .-.F-17 



SC72-9-2 



9* 



10f_ 



24th Column Carry 
SC72-10-(4) 

T F-14 



•<■ SC-12 (11-14) 



H 



"SbPSST 



sc-n (12-0) 



pSC72- 10-2 Seq-8 -1-1 • Check Relay-(4) 






T— r 

^ 3BPS fer^ 



Check-4 



AUTOMTIC CHECK COUNTER -continued- 



Pick Up Circuit 



FC-1C5 (4-2 1/2) 
Sequence Cut-off 

Svdtch 
Card Feed #1 Sw. 
Card Feed #2 Sw. 
BBP-64 
Checl<-1 
BBP-54 
FBP-9'8 
Seq-32-1-1,2 NC 



Magnet 



Control Relay 
Seq-31-(4) 



Hold Circuit 



Circuit Diagram 



+J:C:0X)5 (4-2 1/2) 

y^ y. /, 

Seq.Sw. C.F.#1 Sw. C.F.#2l3w. 



1^^ 



Check-1 
^1 



"^p254 FBP^ 



j^Seq-32-1-1 



^eq-32 -1-2 



Read Control 
Seq-31-l-(4) 
- F-18 



t 



- F-19 
Clutch Magnet 



MULTIPLICATION CYCLE 



To start multiplication, assuming the MC to lie in counter 8, code 4, the sequence mechanism reads the line of coding (4, 761, blank) . The 
sequence relays are picked up. The multiply #1 and #2 relays are picked up. The sequence counter is advanced to read-out position 1. The 
storage counter out and intermediate counter in relays are picked up. The DD-PQ reset relays are picked up. 



Magnet 



Seq-27 Repeat 
Seq-33 Start 
Seq-31 Control 
Seq-A-4-1,2 
Seq-B-7-1 
Seq-B-6-1 
Seq-B-l-l,..,ll 
41 Multiply #1 
38 Multiply #2 

Sequence Counter Magnet 
SC8-1,2,3 Storage Counter Out 
50 Intermediate In 
58 DD-PQ Reset 
HD-6 DD-PQ Reset 



Pick Dp Circuit 



Seq-27-1 

VBP-276 

FC-103 (6-5 1/2) 

VBP-277 

Seq-27-2 



FC-105 (4-2 1/2) 
Sequence Cut-off 

Switch 
Card Feed #1 Sw. 
Card Feed #2 Sw. 
BBP-64 
Seq-33-1 
Seq-32-1,2 NC 

FC-101 (3-2 1/2) 
VBP-100 
Seq-31-1, . . ,4 
Reading Pins 



Start 
Seq-33-(4) 



Control 
Seq-31-(4) 



Magnet 



FC-108 (6-2 1/2) 

VBP-278 

Seq-33-4 



Sequence 

^-4-l-(12) 

A-4-2-(6) 

B-7-l-(4) 

B-6-l-(4) 



B-l-l,..,ll-(12) 3-1-11-11 



Hold Circuit 



rc-102 (4-9 3/4) 

VBP-225 

i-4-2-6 

B-7-1-4 

3-6-1-4 



Circuit Diagram 



+ Seq-2 7-1 



O ^J^03 (6-5 1/2) 



FC-10 8 (6-2 1/2) 



0=103 
VBP-276 ' H . ^ Sea-27- 2 



H 



VBP^^ 



VBP-278 



.,a«3=33-4 



Start 
Seq-33-(4) 



+ ,FC-10 5 (4-2 1/2) 



__ . . . o__ 5eq-33- l 

Seq.Sw. C.F.#1 Sw. C.F.#2"Sw7~BBF=SirT" 



-^F-18 
Control 
Seq-31-(4) 




•>-. FC-10 1 (3-2 1/2) 
VBP^teo 



^- F-17 
'B-l-l,..,ll-(12) 



MULTIP]JCATION CYCLE -contimed- 



00 



Pick Up Circuit 



FC-95 (2-1 1/3) 
VBP-171 
B-8-I-2 NC 
B-7-1-3 
B--6-1-5 
B-5-1-4 NC 
B-4-1-7 NC 
B-3-2-1 NC 
B-2-3-1 NC 
B-1-5-1 



CC-49 (1-0 1/3) 
41-2-5 



Magnet 



CC-10 (0-Cf 1/2) 

38-3-3 
14-1-3 NC 
84-1-1 NC 



FC-S>2 

(12 1/2-13 2/3) 

VBP-150 



A-8-1-1 
A-7-.1-1 
A-6--1-1 
A-5-1-1 
A-4-1-1 
A-3-1-2 
A-2-1-3 
A-1-1-5 



Nc; 

NC! 
NC 
NC 

NC 
KC 
NC 



Multiply #1 
41-1,2-(12) 



Iftiltiply #2 
38-l,2,3-(12) 



Hold Circuit 



48-1-1 NC or 
CC-52 (1/3 3-16) 
and 
41-2-11 



48-1-1 NC or 
CC-52 (1/3 3-16) 
and 
38-3-11 



Sequence Counter 
Magnet 



Storage Counter 

#8 Out 
SC8-1,2-(12) 
SC8-3-(4) 



Circuit Diagram 



SC-11 (12-0) 
SC8~3-4 



+ FC-95 (2-1 1/3) 

3-8-1-2 




48-1-1 



CC-52 (1/3 3-16) 



CC-52 ( 
— r~T " 



_B-7-l- 3 

— r .p-6-1- 5 

^•-^y- ^ B-4-1- 7 

I 0^^ jg-3-2-1 

^^ J-2-3-1 

^ f ^-1-5-1 MD-37 

^ — f JU^ 

. Multiply #1 



/ ^l-2-ll 



a-l,2-(12) 



+ CC-49 (1-0 1/3) 



.48-1- 1 



k r\ " KD-37 



CC-52 (i^"-l6l 



iJtultiply #2 
38-l,2,3-(12) 



+ CC-10 (0-0 1/2) 



38-3-3 
^ — i 14-1- 3 

°^ 84-1-1 



^— fi^s&r" 



Sequence Counter Magnet 



+FC-92(12 1/2-13 2/3) 



_A -8-l-l 

VBM50^~ T .A-7-1 -1 

' o^^T- A-6-1-1 

"" — °^^ A-5-1-1 

I A-4-1-1 



T A-4 
< o . 



SC-11 (12-0) 

^:h: 



SC8-3-4 



T .A-3-1 -2 

"''-T A-2-1-3 

' ° — : r _A-l-l -5 F-14 

I ef; — J- 

Storage "Sounter Out 



SC8-1,2-(12) 
SC8-3-(4) 









MULTIPLICATION CYCLE -continued- 






Pick Up Circuit 


Magnet 


Hold Circuit 


Circuit Diagram 


14-1-4 NC 

CC-55 

(12 1/2-13 2/3) 

Seq Ctr HO B-1 

41-1-1 

14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-1 

41-1-2 

CC-43 (12-0) 
ABP-31-32-33 
58-8-12 
58-4-11,12 
CC-62 (14-0) 


Intermediate In 
50-l,2,3-(12) 

DD-PQ Reset 
58-l,..,8-(12) 

DD-PQ Reset 
HD-6-(12) 


CC-43 (12-0) 
ABP-31-32-33 
50-3-11 

CC-43 (12-0) 
ABP-31-32-33 
58-8-12 
58-4-11,12 


4 
— <: 


14-1-4 

' + . .CC-55 (12 1/2-13 2/3) 

0°lJ2°3V5V7V9 
Seq Ctr RO B-1 


_^1-1-1 


,0, ^rF-^3 


CC-43 (12-0) 

ABp23i232233 

J4-1-4 

t CC-57 (12 1/2-1 


3 2/3) 

O GO O O 

5 6 7 8 9 
RO D-1 

CC-62 


_^o-3-li 

_J,l-l-2 


^-^^InteMediate In 
50-l,2,3-(12) 

. . A . ^- P-39 


O Q O O 

lf2 3 4 
Seq Ctr 
CC-43 (12-0) 

•abiS31^33 

CC-43 (12-0) 
l-l . o O o c^S-8-12 


^i^DD-PCTReset 
58-8-12 58-l,..,8-(12) 

,58-4-11 

J^8-4-12 
t 

(14-0) 

'^^^-n5l555Reset 
HD-6-(12) 




ABp231-32233f ♦ 


^ ^8-4-11 
J^8-4-12 


' H . 



CYCIE 1 



The MC is read from storage to the intermediate counter. The intermediate counter carry control and carry relays are picked up and the 
cairy impulse completes the entry into the intermediate counter. The entry of a nine into the 24th column of the intermediate counter (a 
negative UC) picks up the intermediate 24th column read-out control relay. The DD and PQ counters reset. The sequence counter is advanced 
to read-out position 2, In preparation for the next cycle, the intermediate invert control and intermediate invert relays are picked up if 
JK is negfitive. The "no shift" relays and MC-DR in relays are picked up in order to read the MC from the intermediate counter to the MC-DR 
counters ^1-2), (3-6), (5), (7) and (9), The entry control relays on MC-DR (1-2) and (3-6) prevent the multiple molding counters from short 
circuiting the number impulses when the counters are in motion. 



en 



MULTIPLICATION CYCLE 1 -continued- 



Magnet 



Pick Up Circuit 



NC 



SC-1,..,9 
Str Ctr Reset 
Stora,ge Ctr 

Im-ert NC 
Str Ctr BP 
Str C:tr RO 
SC8-1-1,.., 

SC8-2-12 
BBP-65,..,88 
50-1-1,.., 

50-2-12 

CC-44 (2-1 1/3) 
50-3-1 



CC-45! 

(l/l£. 11-13) 

23-1-1 



41 Multiply #1 

38 Multiply #2 

SC8-1,2,3 Storage Counter Out 

50 Intermediate In 

Intezmediate Counter Magnets 
23 IntemediLate Carry Control 
53 IntermediLate Carry 
89 Intermediate 24th coltunn RO Contirol 
58 DD-PCi Re»et 
HD-6 DD-PQ Reset 

PQ Counter Magnets 

DD Counttjr Magnets 

Sequence Counter Magnet 
94 Intermed:Late Invert Control 
HD-1 Intiermisdiate Invert 
43 MC-DR In 
36 Shift, 

91 MC-DR Entry Control (1-2) 

92 MC-DR En try Control (3-6) 



■iiiihiii 



Jiagnet 



Intermediate 
Counter Magnets 



Intermediate 
Carry Control 
23-l~(4) 



Intermediate 

Carry 

53-l,2-(12) 



Hold Circuit 



CC-46 (2-13 1/3) 

ABP-35 

23-1-4 



Oi 
O 



Circuit Diaj?ram 



+ SC-1,..,9 

_a_c, — 



str Ctr 
Reset 



T 



str Ctr 'str^Ctr BP 



Invert 



SC8-1-1, , 



d"l°2°3°4^J5°6°7°8V SC8-2-12 

: ^ 



Str Ctr m 



50-1-1, . 
50-2-12 



BBP-65,..,88 -(_. 

Intermediate Counter liiagnets 



+ CC-44 (2-1 1/3) 



c;c-46 (2-13 1/3) 



3-35 
[nitemediate 
Carry Control 
23-l--(4) 



+ CC-45 



(1/16 11-13) 



23-1-1 



_f"^ Intermediate Carry 



53-l,2-(12) 



MULTIPLICATION CYCLE 1 -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



CC-12 

(12-12 1/2) 
Intermediate 

Counter Carry 

Contacts 
53-1,2-12 
Carry Booster 

12-2,3 
Carry Boogter 

13-2,3 



24th col 3rd 
mldg 9 spot 
Intermediate 
Counter 



Intermediate 
Counter 
Magnets 



Intermediate 
24th col RO 
Control 
89-l-(4) 



Intermediate 
Carry Contacts 



BB P-142 1 
4- CC-12 (12-12 1/2) col. 1 9 * ^^ 

'Carry°!^ I 



col. 2 9*_ 

101 



col. 7 9*~ 
_JOf 



col. 8 9*" 



col. 22 9fl 
10^ 



col. 23 9£ 
, lOf 



col. 24 9^ 
10^ 



Intermediate 
Carry Relay 



J2=kL^ 



JtM 



Booster-12-2 



^ooste r-12-3 



jeET 



^3-2-1 



^3^2:. 



11 



%BP-140^ 



^- 



BBP-144 



p-2-12 
t 



Carry Booster-13 lies between columns 18 and 19. 

+ 



BBPi:U3 



Intermediate 
Counter Magnets 

^iU 



^<SU 



■xS^ 



Carry Boost er- 
12-(4) 



- MD-7 






■vQ^ 



^ A >-s -,MD-1 

18^^139 ^■^^^'^<51.24 



col. 1 



col. 2 



col. 7 



col. 8 



col, 22 



col. 23 



o o o o o o o o o o 

012345 6 78 9L ^O^-^^'^'"^^ 

Intermediate Counter RO ^^^^^termediate 24th col RO Control 



24th col 3rd mldg 



89-l-(4) 






MULTIPL];CATION CYCLE 1 -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



to 



CC-1,,..,9 
1-10-6-1,.., 9 
58-1-1,.., 
58-4-10 



PQ Counter 
Magnets 



CC-2 (2.-2 1/2) 

^h: 



CC-1 (].-! 1/2) 

~H1 



CC-3 (3-3 1/2) 

^s: 



CC-4 (4-4 1/2) 

"HI 



CC-5 (ii-5 1/2) 

"ff 



CC-6 (6-6 1/2) 

^b: 



CC-7 (7-7 1/2) 

:hi 



CC-8 (8-8 1/2) 
"HI 



CC-9 (9-9 1/2) 

:e: 



PQ :ro 

HD-6-1 col.l 






through 
HD-H6-2 

'l—cvAo-, n58-4-10 col.46 



1 



HD-6-4 



1 '^^. 



-O— i>0— 



HD-6-5 



-o-^O- 



HD-6-6 



"IHD-H 



• o- 



HD..6-7 



o- 



HD..6-8 

•■^-^ — o— ►(>- 



HD-6-9 



r-.i 



-o-^O-J 



to col.46 RO 



PQ Counter 
Magnets 



Pick Up Circuit 



CC-1,..,9 
HD-6-.l,..,9 
58-5-1,.., 
58-8-9 



Magnet 



DD Counter 
Magnets 



Hold Circuit 



MULTIPLICATION CYCLE 1 -contimed- 



^-.CC-l (1-1 1/2) 
I I , 



CC-2 (2-2 1/2) 
tl— 



CC-3 (3-3 1/2) 

i=i-, 



CC-5 (5-5 1/2) 

H . 



CC-4 (4-4 1/2) 

tzL, 



CC-6 (6-6 1/2) 



CC-7 (7-7 1/2) 
H . 



CC-8 (8-8 1/2) 



CC-9 (9-9 1/2) 



Circuit Diagram 



DD RO 
HD-6 -1 col.l 



-o— >-^ O- 



, o ?8-5- l col. 1 



through 
HD-6-2 

"^ — o^->2 o4 <^S=Sr9 col.45 

4 . ^Jlri-^zJ^^^ 



HD-6-3 



-3 



HD-6-4 
^"^1— <^4 



■Aji^-'-NC.;®-9 



HD-6-5 



o- 



o- 



o- 



to col, 45 RO 



DD Counter 
Magnets 



lHD-6- 6 
LrTL. .6 



HD-6-7 



o— ►" O- 



-o— >' o- 



HD-6-8 



-o-> O-H 



HD-6-9 



-o— ►' 0-* 






Pick Op Circuit 



CC-HD (0-0 1/2) 
38-3-3 
14-1-3 NC 
84-1-1 NC 



14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-2 



CC-69 

(15-16 1/3) 
94-1-1,2 
9 in 24th col 

Intermediate 

Counter 



14-1-4 M3 

CC-5:6 

(12 1/2-13 2/3) 

Seq Ctr RO G-2 

41-1-3 



(14-15 1/3) 
43-2-12 
35-45-1 NC 
35-i^6-l NC 



Magnet 



Sequence Counter 
Magnet 



Intermediate 

Invert ControIL 
94-l-(4) 



Hold Circuit 



CC-43 (12-0) 
ABP-31-32-33 
94-1-4 



Intermediate 

Invert 
HD-1-(12) 



MC-DR In 

43-l,..A0-(12) 

43-ll,12-(4) 



CC-43 (12-0) 
ABP-31-32.-33 
HD-1-12 



CC:-43 (12.-0) 
AEP-31-32-33 
43-10-12 
43-12-3,4 



Shift (No Shift) 
36-37, 38-(12) 
36-39-(4) 



C(;-43 (12-0) 

AI)P-31 

3<i-39-2 



MULTU'LICATIO N CYCLE 1 -continued- 






Circuit Diagram 



+ CC-10 (0-0 1/2) 



^^^'^^Lj^i 



Sequence Count* 



SequenceCounter Magnet 



+„14-l-4 



T CC-57 (12 1/2-13 2/3) 



.O^OgO^O, OeOiCO^OoO 



CC-43 (12-0) 



0"r2 Y3V5°6^7°8' '9° ^1-1-4 
Seq Ctr RO D-2 ^ 



ASP^31=^32^ 






4 CC-69 (15-16 1/3) 



.94-1- 1 9 spot 4th mldg 

24th column 
,94-1- 2 1 Intermediate Ctr 



TT . Q o o jTO-l- 12 
ABP-31-32-33 i 



^TT! CC-56 (12 1/2-13 2/3) 



0°1°2^ 




- - ■'3V5°6°7°8°9° ,41-1 - 3 
Seq Ctr RO C-2 ^ 



n43-10-12 



43-fcr 



L43-1V4 



+ CC-33 (U-15 1/3) 

~rH ^3-2-12 

x-42 (12-0) ^^'^L..<25j:^i 

n? . o ^6-39-2 ^_. 

ABP-31 4> 



_^ ^ MD-38 
"intermediate Invei^t 
Control 94-1- (4) 




^MD-46 
Intermediate Invert 
HD-1-(12) 



XV _. - MD-42 

■^iMT5-!t;'.,,io-(i2) 

O _/'>^^MD-36 
^■^^ 43-ll-(4) IC-DR In 



^ MD-41 
43-12-(4) 



A ___- MD-41 
]^-^^-^^ift 36-37,38-(12) 



36-39-(4) 



MULTIPLICATION CYCLE 1 -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



CC-76 

(15-16 1/2) 
43-12-1 

43-12-2 



UC-DR Entry 
Control (1-2) 
91-1,2,3-(12) 

MC-DR Entry 
Control (3-6) 
92-l,2,3-(12) 



CC-77 (16-0) 
91-3-12 



92-3-12 



* CC-76 (15-16 1/2) 



42=L2-l 




rJU 



MC-DR Entry Control (1-2) 
91-1,2,3-(12) 

4 n ^-^-^i'D-32 

'92-3-12 P^-OIC^DR Entry Control (3-6) 
92-l,2,3-(12) 



CYCLE 2 

The sign control relays are picked up if the intermediate 24th column read-out control relay is up. The positive absolute value of the MC 
reads from the intermediate counter to MC-DR counters (1-2), (3-6), (5), (7) and (9). The sequence counter advances to read-out position 3. 
In preparation for the next cycle, the intermediate reset, first build-up, first and second build-up and the entry control relays for MC-DR 
(3-6) and (4-8) are picked up. 



Magnet 


9 9 


41 Multiply #1 
38 Ifultiply #2 


— 










— 


— 


— 




— 












"^ 


— 










- 


- 


— 




— 












- 


89 Intermediate 24th col RO Control 

70 Sign Control #1 

71 Sign Control #2 

94 Intermediate Invert Control 
HD-1 Intermediate Invert 

43 MC-DR In 
36 Shift 

91 MC-DR Entry Control (1-2) 
MC-DR Counter Magnets (1-2) 

92 MC-DR Entry Control (3-6) 
MC-DR Counter Magnets (3-6) 
MC-DR Counter Magnets (5) 
MC-DR Counter Magnets (7) 
MC-DR Counter Magnets (9) 
Sequence Counter Magnet 

52 Intermediate Reset 
HD-4 Intermediate Reset 

44 First Build Up 

45 First and Second Build Up 

92 MC-DR Entry Control (3-6) 

93 MC-DR Entry Control (4-8) 


E 










- 


H 


H 


H 


- 


M 
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■: 
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— 


















— 










— 


— 


— 




1 


1 


I 


■ 


1 


I 


■ 


I 


I 




















1 
1 
1 
1 


1 
1 
1 
1 


I 
■ 
1 
I 


I 
I 
1 
1 


1 
1 
1 

1 


■ 
■ 
■ 
1 


I 
■ 
I 

1 


P 
1 
1 
1 


1 
1 
1 
1 



















~ 






— 






C 






MULTIPLICATION CYCLE 2 --continued- 



Pick Up Cirrait 



CC-9 (9-9 1/2) 
43-6-'L2 or 
39-3-2 or 
57-3-:i and 
89-1-1 



Uagnet 



CC-7 (7-7 1/2) 

43-11-4 

70-1-2 



CC-1,..,9 
HD--1-1,..,10 NC 

if MC was =• 
HD-1-1,..,10 NO 

if MC was <: 
HD-4--l,..,9 NC 
Intetmediafce RO 

36-37-1,.. p 
36.-38-12 

43-1-1,.., 

43-2-11 
1 43-3-1,.., 

43-4-11 
43-5-1,.., 

43-6-11 
43-7-1,.., 

43-8-11 
43-9-1,.., 

43-10-11 

CC-10 (0-0 1/2) 
38-3-3 
14-1-3 NC 
84-1-1 1^ 



Sign Control #1 
70-l-(4) 



Hold Circuit 



Sign Control #2 
71-l-(4) 



Counter Magnets 



CC-75 (11-8) 

BBP-145 

or 

BBP-60 

52-3-6 NC 

and 

70-1-4 



CC-74 (13 1/2-16) 

or 

47-13-1 NC 

and 

71-1-4 






Circuit Di.agram 



±S5r3.-(9-9 1/2) 







orJ3^3-2 
, C C- 7 5 (11-8) |1 

^3_^_^v-. ori57-3-a 
BBP^545 



4, CC-7 (7-7 1/2) 

^ o70-l-2 



. J Sign Control #1 
^'^ 70-l-(4) 



MC-DR (1-2) 
MC-DR (3-6) 
MC-DR (5) 
MC-DR (7) 
MC-DR (9) 



Sequence Counter' 
Magnet 



cq-74 (13 1/2-16) 
H . ,^21=1-4 



^Si. 




-,MD-38 

Sign Control #2 
71-l-(4) 



+ CC-1,..,9 

""TT „ jro..i-i, . . ,10 

€_JD::V:1,..,9 



^o,o„o„o . O _0,0„0,40„0 



^ft—^7— T 

OT 2"3''4" 5 T6"7"8"9" ^ ^6-38-12* '43-I-I, . . , 
Intermediate Ctr RO 4 ^j»3-2^ 11 



..-Jfl)-2 
MC-DR Counter Magnets (1-2) 



+ CC-IO (0-0 1/2) 

-'is: 



J8-3-3 



84-1-1 



T 



^equ 



13 
"ounter Magnet 



MULTIPLICATION CYCLE 2 -continued- 



Pick Up Circuit 



U-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-3 

41-1-7 



14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-3 

41-1-7 

CC-61 (12-0) 



14-1-4 NC 

CC-55 

(12 1/2-13 2/3) 

Seq Ctr RO B-3 

41-1-5 



14-1-4 NC 

CC-56 

(12 1/2-13 2/3) 

Seq Ctr HO C-3 

a-1-6 



CC-76 

(15-16 1/2) 
44-5-8 

45-5-2 



Magnet 



Intermediate 

Reset 
52-l,2,3-(12) 



Intermediate 

Reset 
HD-4-(12) 



First Build Up 
44-l,..,5-(12) 



First and Second 

Build Up 
45-l,..,5-(12) 



MC-DR Entry 
Control (3-6) 
92-l,2,3-(l2) 

UC-DR Entry 
Control (4-8) 
93-l,2,3-(12) 



Hold Circuit 



CC-43 (12-0) 
ABP-31-32-33 
52-3-11 



CC-43 (12-0) 
ABP-31-32-33 
52-3-11 
CC-61 (12-0) 



CC-43 (12-0) 
ABP-31-32-33 
44-5-11 



CC-43 (12-0) 
ABP-31-32-33 
45-5-11 



CC-77 (16-0) 
92-3-12 



93-3-12 



Circuit Diagram 



4. I4-I- .4 

"''^ T CC-57 (12 1/2-13 2/3) 



o°i°a4 



ABP-3i232233 



»pl4-l-4 

f .CC-57 (12 1/2-13 2/3) 
H 



.0.0 _oo o_o,o_o^o_o 



pC-43 (12-0) 
I I » 



12 3 14 5 6 7 8 9 
Sequence Ctr RO D-3 



Px^Chr:^^: 



ABPi5l=i32^^ 



p52-3-l l 



+ 14-1-4 

~^ f . CC-55 (12 1/2-13 2/3) 



0000 

12 31 

CC-A3 (12-0) Sequence Ctr RO B-3 



4 5 6 7 8 9 



Hl^ 



fhzO—Ch 



ABP-31-32-33 



_cM=5=ii 



4. 14-1-4 

T ,CC-56 (12 1/2-13 2/3) 

-^o_o_o_9 
12 3 1 , 
CC-43 (12-0) Seq Ctr RO C-3 



o o<o 0^0 o 
4 5 6 7 8 9 



+ CC-76 (15-16 1/2) 



rai^ 



M=t:^ 



,0_0-0_0^0_0 ,, . ~ 

4^6789 o41-l- 7 

, CC-L.3 (12-0) Sequence Ctr RO D-3 t. 
IT. jy^o^ o52=2rll 



- MD-43 
Intermediate Reset 
52-l,2,3-(l2) 



♦ 00-61 (12-0) 

^^^ Intermediate Reset 
HD-4-(12) 






,^-MD-42 

Firstniuild Up 

44-l,..,5-(12) 



^1-1- 6 



^■^^-^pJrs^nd Second Build Up 
45-l,..,5-(12) 



CC-77 (16-0) 



45-5-2 



^2-3-12 

t 



h^ 



MC-DR Entry Control (3-6) 
92-l,2,3-(12) 

4 I « I - MD-32 

' J93-3- I2 Ny-^^^~W-DR Entry Control (4-8) 

93-l,2,3-(12) 






IflnJIPLICATION CYCLE ^ 

The initermediate counter resets. Sign Control #1 drops out. If a nine stood in the 24th column of the intermediate counter a nine is read 
to the 47S column of the PQ countor! The first build up takes place; i.e., trdce the MC is read ffom the doubling "foldings ^f IC-DR (1-2) 
to MC-IDR (3-6). (4-8). (5) and (9)„ The MC-DE carry control <md carry relays are picked up and the carry i^^'^lfe completes the first build 
up. le^ik the W i; lie in it^orage counter 20. code 53, the sequence mechanism reads the line f^^^^^f (53, blank ^lank^ and the 
aSquence reLiyl are picked up. The storage counter out and intermediate in relays are picked up i" order to read the MP to *he intermediate 
counter. The sequence counter ia advanced to read^out position 4. In preparation for the next cycle, the first and second build up. 



OS 

00 





Magnet 


9 9 






a Multiply 1^ 

38 Multiply #2 

52 Internediate Reset 

HD-4 Intcsrmediate Reset 

Intermediate Counter Magnets 

70 Sign Control #1 

71 Sign (3ontrol #2 

PQ -47th column Counter Magnet 

44 First Build Up 

92 MC-DR Entry Control (3-6) 
MC-DR Counter Magnets (3-6) 

45 First and Second Build Ups 

93 MC-DR Entry Control (4-8) 
MC-DR Counter Magnets (4-8) 
MC-DR Counter Magnets (5) 
MC-DR Counter Magnets (9) 

26 MC-DR Carry Control 

49 MC-DR Carry 
Seq-31 Control 
Seq-A-5-1 
Seq-A-3-1,2,3 

SC20-1,2,3 Storage Counter Out 
Sequence Counter Magnet 

50 Intermediate In 

45 First and Second Build Ups 

46 Second Build Up 

93 MC-DR Entry Control (4-8) 
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Pick Up Circuit 


Magnet 


iffold Circuit 


Circuit Diagram 


CC-9 (9-9 1/2) 
82-1-9 NC 
52-3-7 
70-1-1 


PQ 47th column 
Counter Magnet 




+ CC-9 (9-9 1/2) 
• t_q- ^82-1-9 

"" "" ^ c?2-3-7 

•^ 4 „70-l-l 

F'Q 47th col Counter Magnet 



MULTIPLICATION CYCLE ^ -continued- 



Pick Up Circuit 



CC-1,..,9 

HD-6-l,..,9 

52-1-1,.., 

52-2-11 and 

52-3-5 



Magnet 



Intermediate 
Counter Magnets 



Hold Circuit 



4 CC-1 (1-1 1/2) 



CC-2 (2-2 1/2) 



CC-3 (3-3 1/2) 



Hl.- 



CC-4 ik-h 1/2) 

HI. 



lCC-5 (5-5 1/2) 

"HI. 



CC-6 (6-6 1/2) 

rai. 



CC-7 (7-7 1/2) 



CC-8 (8-8 1/2) 



CC-9 (9-9 1/2) 



Circuit Diagram 



Intermediate 
Ctr RO 
HD-4-1 col.l 
r~i_<a O-j o52=l.-l col. 1 

* n ^ — ^JL^ 

through 



HD-4-2 

-I o-^ o- 



HD-4-3 

^i 0-2 04 



HD-4-4 



HD-4-5 

-* o-^ 0-+ 



" lHD-4 -6 



•o-# o- 



HD-4-7 



52-2- 11 col. 23 
%o col.23 "'" --i^^^ 



RO 



52-3- 5 col. 24 



.- MD-1 



to BBP-141 and Intermediate 
l__o_^ 0_4 col. 24 RO Counter Magnets 



-0-+ O- 



HD-4-8 



-i 0^ O- 



HD-4 -9 

J! O-^ 0-4 



CO 



Picl< Up Circuit 



MC-DR Doubling 

Read-out 
91-3-1 on 

CiDlumns 1-6 
91-3-2 on 

columns 7-12 

etc. 



ItULTIPLICATION CYCLE 3 -continued- 



Magnet 



Hold Circuit 



Circuit Diagram 



91- 1-3 



91-1-2 



91-: .-1 



Build Up RO 



Resiet RO 



Impulses 
^ 



ia=3-i,... 



^1-3-5,..," 

—^1^-8 



9 
-«t— ' 

Normal RO 

— )► 

^ Doubling; RO 



column 3 



column 2 



column 1 



•4^ 

-J 

o 



MULTIPLICATION CYCLE 2. -continued- 



Pick Up Circuit 



CC-1,..,9 
HD-2-l,..,10 NC 
HD-5-l,..,9 NC 
MC-DR (1-2) 

Doubling RO 
A4-1-1,.., 

44-2-12 
44-3-1,.., 

44-4-12 

45-1-1,.., 

45-2-12 
45-3-1,.., 

45-4-12 

CC-44 (2-1 1/3) 
45-5-1 



CC-45 

(1/16 11-13) 

26-1-1 



CC-12 

(12-12 1/2) 
Carry BP 
Carry Transfer 

Contacts 
49-1,.., 10-12 
MC-DR (3*6) 
Carry Booster-1 
MC-DR (4'^8) 
Carry Bo08ter-2 
MC-DR (5) 
Carry Booster-3 
MC-DR (7) 
Carry Booster-4 
MC-DR (9) 
Carry Booster-5 



Magnet 



Hold Circuit 



MC-DR Counter 

Jiagnets (3-6) 
MC-DR Counter 

Magnets (9) 
MC-DR Counter 

Magnets (4-S) 
MC-DR Counter 

Magnets (5) 

MC-DR Carry 
Control 
26-l-(4) 



MC-DR Carry 
49-l,..,10-(12) 



MC-DR Counter 
Magnets 



CC-46 (2-13 1/2) 

ABP-35 

26-1-4 



Circuit Diagram 



■t- . CC-1. ...9 

^=r. JID-2-l,..,10 

t . jro-5"l,«..9 



12 3 4 T5 6 7 8 9 
MC-DR (1-2) doubling RO 



44-1-1,.., 

t_^iL^-v-^J«D-3 

MC-DR Counter 
Magnets (3-6) 



+ CC-44 (2-1 1/3) 
C(t46 "(2-13 1/2 J 



H 



* CC-45 (1/16 11-13) 



26-i-zr 



vrJD-35 
J-DKCarry Control 

j26-l-(4) 



26-1-1 



-"^^^icCS^"^^ 



Carry 49-l,..,10-(12) 



-¥ .CC-12 (12-12 1/2) 



MC-DR Carry Conta cts (3-6) MC-D R Carry 



9*" 



col. 1 lOf 



Carry BP 



9*: 

col, 2 loy 



9*: 

col. 12 10 T 



MC-DR Counter Magnets (3-6) 

viL, 



.,^t2:lr2 



-.iL 



9i" 
col. 23 lOy " 



JS^. 



12 



-JL 



Booste r-l-2 



Booster-1-3 



p-2- ] 



Carry 
Booster-l-(4) 



9* 



49-2-12 



col. 24 10 S" 

> T 



col. 1 



col. 2 



col. 12 



-^^ col.13 



MULTIPLICATI ON CYCLE 2 -continued- 



Pick Up Circuit 



FC-1ID5 (4-2 1/2) 
Sequence Cut-off 

Switch 
Card Feed #1 Sw. 
Card Feed #2 Sw. 
BBP-64,110 
44-5-1 
BBP-111 

FBP-133 
216-1-2 NC 
55-3-2 NC 
78-2-8 NC 
81-1-9 NC 
BBP-'>2 
FBP-99 
201-1-2 NC 
FBP-<)8 
Seq-32-1,2 NC 

FC-101 (3-2 1/2) 
VBP-].00 
Seq-31-1,..,4 
ReadiLng Pins 



FC~92; 

(12 1/2-13 2/3) 

VBP-150 

A-8-1-1 NC 

A-7-1-1 NC 

A-6-1-1 NC 

A-5-1-1 

A-4-1-2 NC 

A-3-1-3 

A-2-1-6 NC 

A-1-1-11 NC 



Magnet 



Control Relay 

Seq-31-(4) 
Clutch Magnet 



A-5-l-(12) 
A-3-l,2,3-(12) 



Storage Counter 

#20 Out 
SC20-1,2 -(12) 
SC20-3-(4) 



Hold Circuit 



FC-102 (4-9 3/4) 
VBP-225 
A-fi-1-11 
A-3-3-11 



SC-11 (12-0) 
SC2;0-3-4 



Circuit Diagram 



4- . FC-10 !> (4-2 1/2) 



BL^^. 



eq.Sw. C.F.#1 Sw. C.F.#2 Sw, 



i^^A^rOr 



.44-5-1 



BBP-647110 iL 



^ j2l6-l -2 
BBP^111FBP^533 f o5 5-3-2 



-O — o^ 



L>7l=2-8 



Zf 



lL._o8i:ir9 



BBP-:^52 FBP-99^ T 



,Seq-3 2-l 



fmf^'-"^ 



^-pF-18 
'Control Seq-31-(4) 
-c 5-19 



^■^^-^"ciu^ Magnet 



+ FC-101 (3-2 1/2) 

'S:,_,o^,.^a=3i-i 



VBP-100 



,^ea::31-2 ^ 



^§3=31-3 



A-5 ^A-5-1-11 



.Seq-3 1-4 



FC-102 (4-9 3/4) 

hi: 



Reading Pins 



r)_^^ A-5-l-(12) 



A-3 



VBP^25" 
J- FC-92 (12 1/2-13 2/3) 

^^rsP^i^ y ^A-7-1-1 



,A-3-3-ll 



A-^,2,3-(12) 



T ,A-6-l -l 



t_.^A=5-l-l 



SC-11 (12-0) 



J3C20-3-4 



--""^ A-3-1 -3 

"^^-7 A-2-1-6 



-J 

to 



}~f>^ 



Storage Counter Out 

SC20-1,2-(12) 

SC20-3-(4) 



MULTIPLICATION CYCLE 2 -continued- 



Pick Up Circuit 



CC-10 (0-0 1/2) 
38-3-3 
14-1-3 NC 
84-1-1 NC 



14-1-4 NC 

CC-55 

(12 1/2-13 2/3) 

Seq Ctr RO B-4 

41-1-8 



14-1-4 NC 

CC-56 

(12 1/2-13 2/3) 

Seq Ctr RO C-4 

41-1-9 



14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

41-1-10 



CC-76 

(15-16 1/2) 
45-5-2 



Magnet 



Sequence 

Counter Magnet 



Intermediate In 
50-l,2,3-(12) 



First and Second 

Build Up 
45-l,..,5-(12) 



Second Build Up 
46-l,..,5-(12) 



MC-DR Entry- 
Control (4-8) 
93-l,2,3-(12) 



Hold Circuit 



CC-43 (12-0) 
ABP-31-32-33 
50-3-11 



CC-43 (12-0) 
ABP-31-32-33 
45-5-11 



CC-43 (12-0) 
ABP-31-32-33 
46-5-11 



CC-77 (16-0) 
93-3-12 



Circuit Diagram 



» CC-10 (0-0 1/2) 

H . «18::l-3 



44-1-3 



T ^84-1- 1 

Sequence Counter Magnet 



±,;M4r4 

f , CC-55 (12 1/2-13 2/3) 



ai 



o.o o o 6 o.o o 
12 3 4 15 6 7 



CC-/i3 (12-0) Seq Ctr RO B-4 



o o 
8 9 o 41-l-8 



ABP-31-32-33 



o50-3-l l 



+^^4-1-4 

T , CC-56 (12 1/2-13 2/3) 

0°1°2°3°4 ^5°6°7°8°9° J .1-1-9 

CC-43 (12-0) Seq Ctr RO C-4 ^ 



E 



1eF^31^0^ 



±<44=^4 

f CC-57 (12 1/2-13 2/3) 
I I . 

0°1°2°3°4' !^5°6"7°8V ^1-1- 10 
CC-43 (12-0) Seq Ctr RO D-4 f^— 



+ CC-76 (15-16 1/2) 

~FT J.5-5- 2 

CC-77 (16-0) T 

^93-3-12 



H 



^Sh—,r<<^-^^ 



jr MD-43 
Intermediate In 
50-l,2,3-(l2) 



.::>MD-42 
First and Second Build Up 
45~1,..,5-(12) 



O^MD-42 
Second Build Up 
46-l,..,5-(12) 



MC-DR Entry Control 
93-l,2,3-(l2) 



(4-8) 



4^ 

-3 



M ULTIPLICATION CYCLE 4 



-a 

4^ 



The MP is read from storage to the intermediate counter as in cycle 1. The intermediate carry control and intermediate cany relays are 
picked up and the carry impulse conq^letes the entry into the intermediate counter as in cycle 1. The entry of a nine into the 24th column 
of the intermediate counter (a negative MP) picks up the intermediate 24th column read-out control relay as in cycle 1, The second build 
up takes place; i.e., twice the UZ is read from the doubling: moldings of MC-DR (1-2) to MC-DR (4-8) and (5); six times the MC is read from 
the doubling moldings of MC-DR (3-6) to MC-DR (7) and (9). The MC-DR carry control and carry relays are picked up and the <»rry impulse 
completes the second build up as in cycle 3. The sequence counter is advanced to read-out position 5. In preparation for the next cycle 
the intermediate invert control and i.ntermediate invert relays are picked up if MP is negative. The MP in relay is picked up. 



Magnet 



41 Multiply #1 

38 Multiply #2 

SC20-1,2,3 Storage Counter Out 
50 Intermediate In 

Intermediate Counter Magnets 
23 Intermediate Carry Control 
53 Intermediate Carry 
89 Intermediate 24th column RO Control 
71 Sign Control #2 

45 FirHt and Second Build Up 

93 MC-DR Entry Control (4-8) 
MC-DR Counter Magnets (4-8) 
MC-DR Counter Magnets (5) 

46 Second Build Up 

MC-DR Counter Magnets (7) 

MC-DR Counter Magnets (9) 
26 MC-DR Carry Control 
49 MC-DR Carry 

Sequence Counter Magnet 

94 Intermediate Invert Control 
HD-1 Intermediate Invert 

39 MP In 



Pick Up Circuit 



CC-1,..,9 
HD-2-l,..,10NC 
HD-5-l,..,9 NC 
MC-DR (1-2) 
doubling RO 

45-1-1,.., 

45-2-12 
45-3-1,.., 

45-4-12 
46-1-1, . . , 

46-2-12 
46-3-1, •», 

46-4-12 



Magnet 



MC-DR Counter 

Magnets (4-8) 
MC-DR Counter 

Magnets (5) 
MC-DR Counter 

Magnets (7) 
MC-DR Counter 

Magnets (9) 



Hold Circuit 



I I 



Circuit Diagram 



+ CC-1. ...9 

FT JiD-2-l,..,10 

°^-^!L___,,HD=5-l, . .,9 



0°l°2°3°4t 



5°6°7°8°9° 



45-1-1,.., 
i»5-2-1 2 
MC-DR (1-2} doubling RO V A, ^^-MP-4 

MC-DR Counter 
Magnets (4-8) 



MULTIPLICATION CYCLE Z^ -continued- 



Pick Up Circuit 


Magnet 


Hold Circuit 


Circuit Diagram 


CC-IO (0-0 1/2) 
38-3-3 
14-1-3 NC 
84-1-1 NC 

14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-5 

41-1-12 

CC-69 

(15-16 1/3) 
94-1-1,2 
9 in 24th col 

Intermediate 

Counter 

14-1-4 NC 

CC-55 

(12 1/2-13 2/3) 

Seq Ctr RO C-5 

41-1-11 


Sequence Counter 
Magnet 

Intermediate 

Invert Control 
94-l-(4) 

Intermediate 

Invert 
HD-1-(12) 

MP In 
39-l,2,3-(12) 


CC-43 (12-0) 
ABP-31-32-33 
94-1-4 

CC-43 (12-0) 
ABP-31-32-33 
HD-1-12 

CC-43 (12-0) 
ABP-31-32-33 
39-3-11 


+ CC-10 (0-0 1/2) 

t oH-1-3 

Sequence Counter Magnet 
+_14-l-4 




t CC-57 (12 1/2-13 5 

0°1°2°3°4°5 
CC-43 (12-0) Seq Ctr RC 


!/3) 

V7°8°9° za-i- 

» D-5 ° t 

- — ^ 


;12 

- 


()^^.^0*®-38 


+ 


'"' itep23l232233 
CC-69 (15-16 1/3) -94-1-1 


:4 




^^ Intermediate Invert 
Control 94-l-(4) 




H " ♦ 


9 in 24th col 


, ,94-1-2 

CC-43 (12-0) t 
1- « « ^ ^HD-1-12 


Intermediate Ctrn _.— .jv,MD-46 


+ 




HD-1-(12) 


,U-l-4 


!/3) 

?6°7°8°9° _41-1- 
) C-5 ° ♦ 






T CC-55 (12 1/2-13 5 

H . 

0*'l°2°3°4°5 
CC-43 (12-0) Seq Ctr RC 


:ll 


JU-0®-37 
"^^^TFln 

39-l,2,3-(12) 


-^^-mer^?^ ^ 


.11 













CYCLE 5 

Sign Control #1 is picked up if the intermediate 24th column read-out control relay is up as in cycle 2, The positive absolute value of the 
UP reads from the intermediate counter to the MP counter and simultaneously the MP cycle control pick up relays, irtiich are wired in parallel 
with the MP counter magnets, are energized. The MP cycle control hold relays are set up by their pick up coils. The MP-DI7 control 
relay is picked up. The sequence counter is advanced to read-out position 6, The intermediate reset relay is picked up. The cycle counter 
is advanced to read-out position 1, The MP-DIV control hold relay is picked up preventing the sequence counter from advancing when CC-10 
makes and further, preventing the passage of inpulses from CC-55, 56 and 57 through the sequence counter read-out. The column shift left 
and right relays are picked up. Impulses through the column shift left and right relays and the 2nd read-out molding of the MP counter 
energize the required times left and right relays. If MP is zero, the C2, D2 and DD-PQ transfer #1 relays are picked up in place of the 
column shift relays as in cycle 8 (5 + n). 



i4^ 

-3 



MULTIPLICATION CYCLE ^ -continued- 



at 



Uagnet 



Pick Up Circuit 



HD-1-1,..,10 NC 
HD-4--l,..,9 NC 
Intel-mediate 

Counter RO 
39-1-1,.., 

39-2-11 
40-2-1 NC,.,., 

40-3-11 NC 



41 Multiply #1 

38 Multiply #2 

89 Inteirmedlate 24th column RO Control 

70 Sign Control #1 

71 Sign Control #2 

94 Intermediate Invert Control 
HD-1 Intermediate Invert 

39 MP In 

W Counter Magnots 
37 MP Cycle Control 

13 MP-DIV Control Pick Up 
Sequence Counter Magnet 

52 Intermediate Rejset 
HD-4 Intermediate Reset 
Cycle Counter Mfignet 

14 MP-DIV Control Hold 
21 ColujTin Shift Left 
29 Colujnn Shift Right 

4 Times Left 

5 Times Right 



Magnet 



KflP Counter 
Magnets 

ifP Cycle Control] 
Pick Up 

IT Cycle Control] 

Hold 
37-1,.., 26- 

(4, 6 or 12) 



EiiEi: 



Hold Circuit 



CC-41 (12-15) 

ABF'-34 

or 

BBP-133 

30-1-1,2,8,9 NC 

31-1-1,2,8,9 NC 

ancl 

37-2-3 

37-4-3 

37-5,.., 10-12 

37-11,12-6 

37-13,14-4 

37-16-3 

37-17,.., 22-12 

37-23,24-6 

37-25,26-4 



Circuit Diagram 



+ CC-1. 



>,9 



^3HD=4rl,..,9 



0°1°2V4- 



^5V- 



C C-41 (12.-15) 



.a 



o o c 39-1-1,.., 
7 8°9 i9-2- ll 40-2-1, . . , 
Intermediate Ctr RO i f , ^0-3- 11 MP Ctr Magnets 



— =0:: 



W-: 



133 



ABP-34 



^0-1-8,9 

t 



,^l=iTl»2 



la3=4T^'9 



^j^^_^..:;JD-36 



37-2-3 
37-4-3 

37-5,.., 10-12 
37-11,12-6 
37-13, U-4 
37-16-3 

37-17,.., 22-12 
37-23,24-6 
37-25,26-4 



MP Cycle Control 
Pick Up 



MP Cycle Control 
Hold 
37-l,..,26-(4,6 or 12) 



MULTIPLICATION CYCLE ^ -continued- 



Pick Up Circuit 



CC-26 (2-1 1/3) 
39-2-12 



CC-10 (0-0 1/2) 
38-3-3 
lA-1-3 NC 
84-1-1 NC 



14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-6 

41-2-1 



14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-6 

41-2-1 

CC-61 (12-0) 



CC-80 

(1/16 12-9) 

7-1,.., 9-2 NC 

13-1-1 

CC-54 (12*12 1/2) 



Magnet 



MP-DIV Control 

Pick Up 
13-l-(6) 



Sequence 

Counter Magnet 



Intermediate 

Reset 
52-l,2,3-(12) 



Intermediate 

Reset 
HD-4-(l2) 



Cycle Counter 
Magnet 



CC-43 (12-0) 
ABP-31-32-33 
52-3-11 



Hold Circuit 



CC-47 (3 1/2-16) 
13-1-6 



CC-43 (12-0) 
ABP-31-32-33 
52-3-11 



Circuit Diagram 



■I- CC-26 



(2-1 



1/3) 
_^^9r2.-12 



CC-47 (3 1/2-16) 



13-1-6 



/^"^ KD-3^ 
'^■^^^W-SVJ Control Pick Up 
13-l-(6) 



4- CC-10 (0-0 1/2) 
^ H . ^8-3- 3 



♦ 0I4-I- 3 



I_^^h^'l 



Seqtience Counter Ma 



Magnet 



» J14-l- 4 

f CC-57 (12 1/2-13 2/3) 

^ i 

0°1°2°3°4°5°6 T7°8°9° ^ 1-2-1 
CC-43 (12-0) Seq Ctr RO D-5 ^T 

«52-3-ll 



H_ 



P^yiOw:^ 



ABP-31-32=33 



+JL!,-l- 4 

f CC-57 (12 1/2-13 2/3) 



j;; MD-43 

'Intermediate Reset 
52-l,2,3-(12) 



CC-43 (12-0) 



0°1°2°3°4°5°6 ?7°8°9° ^1-2- 1 
Seq Ctr RO D-5 ^ CC-61 (12-0) 



HI, 



ArrOirw^ 



ABPigpg2=33 




- m-u6 
InTermedlate Reset 
HD-4-(12) 



♦.CC-80 (1/16 12-9) 



:C-8i 



-Qj— lit • 1 9—2 

f . 01 3 -1-1 



♦ .CC-54 (12-12 1/2) 



a. 



jr MD-13 
Cycle Counter Magnet 



-a 



Pick Up Circuit 



69-2-1,2 NC 
13-1-3 
CC-58 

(U-15 1/3) 
13-1-2 



69-2-1,2 NC 

13-1-3 

CC-58 

(lA-15 1/3) 

19-1-1 NC 

18-1-1 NC 

Cycle Ctr RO A-1 

38—1—1 , • • , 

38-2-1 
37-1-1,.., 

37-U-2 



69-2-1,2 NC 

14-1-1 

CC-59 

(U-l!> 1/3) 

38-3-6 

18-1-2 NC 

Cycle Ctr RO C-1 

38-2-2,.., 

38-3-1 
37-15-1,.., 

37-26-2 



CC-78 (15-16) 
29-3n-5 
MP Ctr RO 

2nd mldg 

(odd column) 



UP-DIV Control 

Hold 
14-1-(12) 



Magnet 



Column Shift 

Right 
29-1,.., 36- 

(12,12,6) 



Column Shift 

Left 
21-1,.., 33- 

(12,12,6) 



Times Right 
5-1,.., 27- 
(12,12,4) 



Hold Circuit 



:L2-1,2-2 NC or 
CC-32 (8 1/2-2) 
and 
L4-1-11 



CC-36 (12-0) 

llBP-27 

29-3n-6 



CC-36 (12-0) 

:abp-.27 

l21-3n-6 



CC-36 (12-0) 

ABP-27 

5-3n-4 



MULTIPLIi;ATION cycle i -continued- 



-a 

00 



Circuit Diagram 



j. 69-2-1 



^. 



"T ^ J3--1-3 

-g-g [ °~" T ,CC-58 (14-15 1/3) 



, 112-2-2 

CC-32 (8 l/2S0t_ 



■^2-^ TT . 0^3-1-2 



Hl^ 



,14-1-11 



^ .- MD-34 

-■^^liPl^IV Control Hold 
U-l-(12) 



±,4?-2-l 



^;-2-2 



^" V .CC -58 (U-15 1/3) 

FT. piH-i 






CC-36 (12-0) 



n: 



ABP-27 



.^^2=2p-6 



38-1-1,.., 

0°1°2'^3\° 5 f6°7°8°9° 1 ^^ 37-31-2" ' 
Cycle Ctr RO A-1 t - MD-35 



1 



Column Shift Right 
29-l,..,36-(12,12,6) 



±<^-l 



,^9-2-2 



n 



°~ ^ .C C-59 (14-15 1/3) 

t._<^2 



38-2-2,.., 



CC-36 (12-0) 

EL. 



_ _Q f 21-3n -6 

ABPi-27 4 , 



0'='l*^2°3\°5t&!£2?_P^L_j2^-2 
Cycle Ctr RO C-1 



8-3-1 37-15-1,.., 

MD-35 



:]- 



Column Shift Left 
21-1,..,33-(12,12,6) 



+ CC-78 (15-16) 



!C-78 i 



CC-36 (12-0) 
HI.- 



.<a9=3n.-5 



0°1^2°3°4°5°6^7V9° 



Sbp227 



MP ctr RO 2nd mldg 
<^=2n-4 



^MD-32 
imes Right 
5-l,..,27-(12,12,4) 











MULTIPLICATION CYCLE ^ -continued- 






Pick Up Circuit 


Magnet 


Hold Circuit 


Circuit Diagram 


CC-78 (15-16) 

21-3n^5 

MP Ctr RO 

2nd mldg 

(even column) 


Times Left 
4-1,.. ,27- 
(12,12,4) 


CC-36 (12-0) 

ABP-27 

4-3n-4 


+ CC-78 (15-16) 


Times Left 
4-l,..,27-(12, 


12,4) 




H . o?1-3p-5 


-0_0„0_0 ,0 _0 >9_OrtO J3 

012345 617 89 


CC-26 (12-0) MP Ctr RO 2nd mldg 

H . o o^->-^ 

ABP-27 ♦ 









CYCIE 6 



The intermediate counter reaeta as in cycle 3, Sign Control #1 drops out. If a nine stood in the 24th column of the intermediate counter 
a nine is read into the 47th coliunn of the PQ counter as in cycle 3. The MC multiple selected by the times right relay is added into the 
PQ counter. The PQ carry control and PQ carry relays are picked up and the carry inqpulse completes the entry into the PQ counier. The UC 
multiple selected by the times left relay is added into the DD counter. The DD carry control and the DD carry relays are picked up and 
the carry impulse completes the entry into the DD counter. The cycle counter is advanced. As in cycle 5 the column shift left and right 
and times left and right relays are picked up. The Iffi multiples continue to be added in this manner in each successive cycle. When the 
cycle counter reaches read-out position 9, the E relay is picked up. If MP Y»as zero, this cycle (6) combines Ydth cycle (6 + n) . The first 
DD-PQ transfer takes place and the relt^rs terminating the multiplication process are picked up as in cycle (6 + n). Here n indicates the 
niunber of non-zero digits in the odd or even columns of the MP mrtiichever is the greater. 



Magnet 


9 9 


41 Multiply #1 
38 Multiply #2 

70 Sign Control #1 

71 Sign Control #2 

PQ 47th column Counter Magnet 
52 Intermediate Reset 
HD-4 Intermediate Reset 

Intermediate Counter Magnets 
37 MP Cycle Control 
14 MP-DIV Control 
21 Column Shift Left 
29 Column Shift Right 

4 Times Left 

5 Times Right 

PQ Counter Magnets 
24 PQ Carry Control 
62 PQ Carry 

DD Coimter Magnets 
27 DD Carry Control 
61 DD Carry 

Cycle Counter Magnet 
17 E 
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MULTIPLICATIO N CYCLE 6 -continued- 



Pick Ujp Cii-cuit 



Magnet 



CC-1„..,9 
HD-2--l,..,10 ND 
HD*5"1,..,9 NC 
MC-DIl RO 
5-1-:l,..,5--26-12 
3-19-1 NC,,., 
3-20-12 m 

29..36-I2 

56-3-1 NC,.., 

56-6-9 NC 

CC-J!»i!f (2-1 1/3) 

5-31V-I 

38-3-7 



CC-45 

(1/16 11-13) 

24-1-1 



CC-1,,.,9 
HD-2-l,..,10 NC 
HD-5-l,..,9 H3 
MC-DR RO 
4-1-1,.., 4-26-12 
56-1-1 NC,,., 

56-2-12 NC 
21-1-1,.., 

21-36-12 
3-21-1 ND,.., 

3-24-9 NC 

CC-A4(2-1 1/3) 

4-3n-l 

38-3-8 



CC-45 

(1/16 11-13) 

27-1-1 



FQ Counter 
Magnets 



PQ Carry Control 
24-l-(4) 



PQ Carry 

62-i,..,4-(i2:; 



DD Counter 
Magnets 



Hold Circuit 



CC-46 (2-13 1/3) 

AB:P-35 

24-1-4 



Circuit Diagram 



DD Carry Control 
27-l-(4) 



DD Carry 
61-1,..,4-(12) 



CC-46(2-13 1/3) 

AI(P-35 

27'-l-4 



». C0i.. .,,9 

"F-r JiD-2-l,..,10 

t » 



MC-DR m 



0_0/0„OaO-0 



5-1-1,.., 



56-3-1,.., 
6-6-9 



-^-^^^yf^v^ 



°2°3!o!§!rolo5=26ri2 3-19-1, . . , 

- DR RO ""^ ♦ . ^ 3-20-12 2c;-l-l,.., 
' ° T . c^!=26-12 

±Z1 



j^MI3-ll,12 
Counter Magnests 



* CC-U (2-1 1/3) 

i=T , . J-3n- l 

c-&T2;3r5757 



^8-3-7 



^^^TiipQ^-- ^"" ^- ^ ^SUyg^. 



,-.MD-35 

Carry Control 24-l-(4) 



+ CC-4? (1/16 n-13) 
I I . 



,24dri 



^--<J^5 



Carry 62-l,..,4-(12) 

» .CC-1. ..«9 
n=T , ,|n)-2-1....10 

T . cja)-5-i,..,9 

0°f 2°^*6°2Va!_^ir' 56-1-1,.., 
MC-DR RO . 4 . ^6-2-1 2 21-1-1,.., 

^ 



r 3**2i— 1, . • , 



Q ^^^ J, MD"9,10 

"^"■^'^^D Counter Magnets 



» CC-44 (2-1 1/3) 

'AB^5" ^T -"^•"T'^^'^DDC^ Control 27-l-(4) 



+ CC-45 (1/16 U-13) 



^-1-1 



^^,-MD-45 

'M'Carry 61-1, . . ,4-(12) 



00 
O 



MULTIPLICATION CYCLE 6 -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



CC-12 

(12-12 1/2) 
Carry BP 
PQ Counter 

Carry Contacts 
62-1-1,.., 

62-4-9 
Carry Booster^ 

9-2,3 
Carry Booster- 

10-2,3 
Carry Booster- 

11-2,3 



PQ Counter 
Magnets 



PQ Carry PQ Carry 
4- CC-12 (12-12 1/2) Contacts Relay 



Carry BP 



col. 1 9£ 
IQf 



PQ Counter 
Magnets 



col. 2 9£ 
. IQf 



.62-1-1 



col.13 9£ 
IQf 



^JL 



.62-1-12 



col. 14 9*1 
lOf 



■JL 



3ooster-9-2 



Booster-9-3 



i62=2rl 



.^Jb-v-'^^-'' 



Carry Booster-9-(4) 



col. 22 9£ 



.^JL' 



.62-2-9 



lOf 



69-1-2 



col. 1 



col. 2 



col.13 



col. 14 



-JJDrll 
22 



-^^"^ 



S6=^SZZJ 

1_^ +. CC-2 g (3-14) 



col. 23 9£ 



H_ 



J4-1-9 



.62-2-10 




col. 45 9£ 
m 



-^^^^' 



,^2-4-8 



col.46 9*1 
l£f 



-iU 



JS2-4-9 



23 



col.45 



|-JJDt12 
46 



A - flUJJ- 



Carry Booster-10 lies between columns 24 and 25. 
Carry Booster-11 lies between columns 36 and 37. 



00 



MDLTII>LICATIO N CYCLE 6 -continued- 



Pick Up Cii'cuit 



Magnet 



Hold Circuit 



00 



cc-i;> 

(12-]L2 1/2) 
Carrjr BP 
DD Counter 

Carry CojTtacts 
61-1-1,.., 

61-4-9 
60-2,,.., 23-2 NC 
Carrjr Booster- 

6-2,3 
CaiTjr Boost er- 

7-2,3 
Canr" Booster- 

8-2,3 



DD Counter 
Iilagnets 



cc-ec) 

(1/16 12-9) 
7-1, ...,9-2 NC 
14-1-5 
CC-54 , 
(12-15 1/2) 



Cycle Counter 
Magnet 



DD Carry 
■» , CC-12 (12-12 l/2)Contacts 

^^col. 1 9* 



DD Carry 
RelEiy 
.61-1-1 




<^0=22-2 

r . ^ , col.22 



col.23 



col. 44 



-^!>^- UD-IO 



Cairry Bcioster-7 lies between columns 24 and 25. 
Cairry Bcioster-8 lies between columns 36 and 37. 



+ CC-eO (1/16 12-9) 

R, >l,-.,9-2 

y 14,1 ,5 

' ° if CC-54 (12-12 1/2) 

^^1^ 



_3,MD-13 
^le Counter Magnet 



MULTIPLICATION CYCLE 6 -continued- 



Pick Up Circuit 



69-2-1,2 NC 
U-1-1 
CC-58 

(14-15 1/3) 
19-1-1 NC 
18-1-1 NC 
Cycle Counter 
Carry Contact 



Magnet 



E Relay 
17-l-(4) 



Hold Circuit 



CC-36 (12-0) 

ABP-27 

17-1-4 



Circuit Diagram 






2^^~T 



=1-1 

♦ . CC-^8 (14-15 1/3) 
19-1- 1 
X_ 



g^ 



QC-36 (12-0) 



gi 



A8-1- 1 



_^>-^,lZ=lr4 



Cycle Ctr 9's 
Carr y Contact 

^- 
10 1 




CYCLE 7 (4 

T!f\h!^ri«?«ri«?i?!i,^^* added into PQ and DD. The appropriate column shift left and right and times left and right relays are picked up. 
and n tk! ^.T! / ^ "i^ ^!l *^' P^'vious cycle, the P relay is now picked up altering the read-outs of the cycle countJr to read-outs B 
and D» The cycle counter is advanced as in the previous cjycle. 



Pick Up Circuit 



69-2-1,2 NC 

14-1-1 

CC-79 (6-5 1/2) 

38-3-5 

17-1-1 



Magnet 



41 Multiply #1 

38 Multiply #2 

71 Sign Control #2 

37 MP Cycle Control 

14 MP-DIV Control 

21 Column Shift Left 

29 Column Shift Right 

4 Times Left 

5 Times Right 

PQ Counter Magnets 
24 PQ Carry Control 
62 PQ Carry 

DD Counter Jfagnets 
27 DD Carry Control 
61 DD Carry 

17 E 

18 F 

Cycle Counter Magnet 



Magnet 



F Relay 
18-l-(4) 



Hold Circuit 



12-1,2-2 NC or 
CC-32 (8 1/2-2) 
and 
18-1-4 



Circuit Diagram 



.^-1 






14-1- 1 
♦ 



■CC-79 (6-5 1/2) 



r-^ 



.12-1-2 



,3^=1-5 



X12-2- 2 



t 0I7-I-I 



CC-32 (8 1/2-2) 

td . 



JL8=lr4 



-JIA 



F Relay 
18-l-(4) 



4^ 
00 

CO 



MULTIPI.ICATIOH CYC IE 8 (5 + n) 

The successive multiples of MC are add,ed to DD and PQ. The: cycle counter is advanced, 
used, the C2, D2 and DD-PQ transfer #3. relays are energized. 



00 



When all the significant figures in W have been 



Uagnet 



9 



Pick Up Circuit 



69-2-1,2 NC 02 
14-1-1 66-l~(4) 
CC-59 (U-15 1/3: 
38-3-6 
18-1-2 NC 
Cyclei Ctr RO 
38-2-2,.., 38-3-1 
37-26-2 NC 
30-1-10 NC 



69-2-1,2 NC D2 
li,-l..l 67-l-(4) 
CC-58 (U-15 1/3] 
19-1-1 NC 
18-1-1 NC 
Cycle Ctr RO 
38-1-1,.., 38-2-1 
37-14.-2 NC 
31-1--10 NC 




41 Multiply- #1 

38 Multiply- #2 

71 Sign Control #2 

37 MP Cyclcf Control 

U MP-DIV Control 

18 F 

21 Column Shift Left 

29 Column Shift Right 

4 Times Left 

5 Times Right 

PQ Counlier Magnets 
24 PQ Carr^r Control 
62 PQ Carrjr 

DD C^ounlier Magnets 
27 DD Carrjr Control 
61 DD C!arr:r 

Cycle Counter Magnet 

66 C2 

67 D2 

74 DD-PQ T:ransf er #1 



Magnet 



69-1-3 NC or 
CC-30 (1/16 3-1) 
andl 
66-1-4 



Hold Circuit 



69-1-3 NC or 
CC-30 (1/16 3-1) 
anc[ 
67-1-4 



I I 



I I 



Circuit Diagreun 



±^3=^~1 U-4-L.J ^9 (14-1 5 1/3) 

I 0I8-I- 2 






,cc-3o n7i6~3"^ 



00000 o,o_^ 
0123456 71 



Cycle Counter RO 



.o_o 



38-2-2,.., 

T 0-^7-26 -2 



„66-l-4 



t 



-cOOrirlO 



C2 66-l-(4) 



+ 69-2-1 U-1- 1 CC^5 8 (14-15 1/3) 
~^T_.^>_J"""^^^=2=^rl 



39-2-2"? 

.^i2=^3^ 
CC-30 (i/16 3"-^ 



0°1°2°3°4°5 



i°6^i 



'A° 



Cycle Counter RO 
_<^2=lr4 



38-1-1,.., 
JT < ^7-3A --2 

^r c;?i-i-io 



D2 67-l-(4) 
-MD-38 



-*-^Ij-e 



Pick Up Circuit 



CC-40 

(1/16 15-9) 
66-1-1 
67-1-1 



Iflagnet 



DD-PQ 

Transfer #1 
74-l,2-(12) 
74-3-(4) 



MULTIPLICATION CYCLE 8 (5 + n) -continued- 



Hold Circuit 



CC-43 (12-0) 
ABP-31-32-33 
74-3-4 



Circuit Diagram 



-^ , CC-4 p (1/16 15-9) 



H 



_66-l-l 



pc-43 



(12-0) 



62:^.1 



■ab?255$32%3 



-74-3-4 



vQ^ 






^<jp-38 

DD-PQ Transfer #1 

74-l,2-(12) 

74-3-(4) 



CYCLE 2 (6 + n) 

2LliT ?^^rn*r"?^^i *^*^ P^T* £^^T^ ^"f °^ ^° *^^ ******** *° ^'''^^^ 1-22 of PQ. The usual carry circuits are set up in the PQ 
counter. The CD control relay picks up which permits the C and D relays to be energized. Picking up C and D drops out the MP cycle contrS 
SS^ ^^^'nJ'^V^''^^ counter is advanced. The energized C and D relays permit DD-PQ transfer #2^ MP reseflSS S-DR reset to be Scked 
Si^es with^^J^lel"^ " ^^ *'■* ^ ''^' "^^^ P^°^ ^P °^ ^'^^ ^^^^ **~P" °^* ^en control #2. If MP m7zeror this cycle co£ 



Magnet 



41 Multiply #1 
38 Multiply #2 
71 Sign Control #2 
37 MP Cycle Control 
14 MP-DIV Control 
18 F 

74 DD-PQ Transfer #1 
PQ Counter Magnets 
24 PQ Carry Control 
62 PQ Carry 

66 C2 

67 D2 

69 CD Control 

30 C 

31 D 

Cycle Counter Magnet 
59 DD-PQ Transfer #2 
40 MP Reset 
47 MC-DR Reset 
HD-5 MC-DR Reset 

91 MC-DR Entry Control (1-2) 

92 MC-DR Entry Control (3-6) 

93 MC-DR Entry Control (4-8) 



Pick: Up Circuit 



Magnet 



CC-1,..,9 
HD-3-l,..,10 NC 
HD-f.-l,..,9 NC 
DD Counter RO 
74-1-1,.., 
7/^-2-10 



CC-IU^ (2-1 1/3) 
74-3-1 



CC-26 (2-1 1/3) 
74-2-11 



CC-33 

(U-15 1/3) 
69-1-1 



CC-40 (1/16 15-9; 

30-1-3 

31-1-3 



PQ Counter 
Magnets 



PQ Carry 
Control 
24-l-(4) 



CD Control 
69-l,2-(4) 



MOLTIPLICATION CYCLE ^ (6 + n) -continued- 



00 
en 



Hold Circuit 



CC-40 (1/16 15-9: 

30-1-3 

31-1-3 



C Relay 

30-l-(12) 
D Relay 

31-1-(12) 



DD-PQ Transfer 

#2 
59-l,2-(12) 
59-3-(6) 



UP Reset 
40-l,2,3-(12) 



CC-46 (2-13 1/2) 

AI)P-35 

2i^-l-4 



CC-47 (3 1/2-16) 
6«?-l-4 



CC-38 (11 1/2-9) 
30-1-11 

31-1-11 



CC-43 (12-0) 
ABP-31-32-33 
59-3-6 



CC-43 (12-0) 
ABP-31-32-33 
40-3-12 



Circuit Diagram 



+ CC-1..,9 

.J=l_. (y_^ HD-6-l,..,9 



.o_o.,o„o , o _o ,0 o^o^o 



0°1°2°3°4°5°6°7T8T o74-2-l6'" 
DD Counter RO ♦ , Q - .^-nJ- .MD-.U„ 12 

^^ PQ Counter Magnets 



^. CC-44 (2-1 1/3) 
rSL -Ji=l-1 



CC-46 (2-13 1/2) 



-_r-^">*^'D-35 
■^-^^^"pQCLirry Control 



IbF^ 



.24-1-4 
4_- 



24-].-(4 



+ CC-26 (2-1 1/3) 
]13i. 



74-2-11 



, CC-47 (3 1/2-16) 



m 



.69-1-4 



+ CC-33 (14-15 1/3) 

"lie:, .^9=1.-1 



CC-38 (11 1/2-9) 



n . ^- m-40 

t-^^-^cTcorltrol 
69-l,2-(4) 



"-^C Relay 30-l-(12) 
^0-1- 311 

t ^ 



""""tt — MD— 35 

^^^jV-^T'r^j 31-1-(12) 



t — jU 

+ CC-40 (1/16 15-9) 
TT , o30-l-3 

^"f^ -31-1-3 
CC-43 (12-0) 1 n _-.MD-39 



"- LJ' ■ 39-3-6 



+ CC-40 (1/16 15-9) 
" TTT - ^0-1- 3 

CC-43 (12-0) 

tbf31--32::53 ♦ ■ 



■'^^■^"DS^cfTransfer #2 
59-l,2-(12) 
59-3"(6) 



_^ ^.MD-37 
UP Reaet 
40-l,2,3-(12) 



MULTIPLICATION CYCLE j (6 t n) -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



CC-40 (1/16 15-S 
30-1-3 
31-1-3 
Al-2-4 



9)MC 



-DR Reset 
47-l,..,13-(12) 



CC-43 (12-0) 
ABP-31-32-33 
47-13-10,11,12 



CC-40 (1/16 15-« 

30-1-3 

31-1-3 

41-2-4 

CC-63 (12-0) 



9; MC 



-DR Reset 
HD-5-(12) 



CC-43 (12-0) 
ABP-31-32-33 
47-13-10,11,12 
CC-63 (12-0) 



CC-76 

(15-16 1/3) 
47-13-2 

47-13-3 



47-13-4 



MC-DR Entry 

Control (1-2) 
91-1,2,3-(12) 

«C-DR Entry 

Control (3-6) 
92-l,2,3-(12) 

MC-DR Entry 

Control (4-8) 
93-l,2,3-(12) 



CC-77 (16-0) 
91-3-12 

92-3-12 
93-3-12 



+ . CC-40 (1/16 15-9) 
H . 



CC-43 (12-0) 



o20=L-3 

t o?i-i-3 



H 



■47-13 -10.11 



,-2-4 



. -41-2- 
A2~l 



Ir^^-DlTReset 

47-l,..,13-(12) 



+ CC-40 (1/16 15-9) 



JO-1-3 



Cg-43 (12-0) 



ja-2-4 



^ 



, CC-63 (12-0) 



^^^^2=13-10,11,12 
ABP-31-32-33 t . 



H 



_ - MD-46 
MC-DRReset 
HD-5-(12) 



+ CC-76 (15-16 1/3) 



.47-13-2 




.47-13-3 



47-13-4 



MC-DR Entry Control (1-2) 
91-1,2,3-(12) 



92-3-12 



rJb, 



MC-DR Entry Control (3-6) 
92-l,2,3-(l2) 

93-3- 12 |"^^g?^I5Ir^Entry Control (4-8) 
93-l,2,3-(12) 



CYCI£ W (7 + n) 

The second DD to PQ transfer, adding columns 23-45 of DD to columns 23-45 of PQ takes place. The usual carry circuits are set up in the PQ 
counter. The MC-DR, MP and cycle coxmters reset. The A relay is picked up, and the B relay also if PQ 47th column nines carry contact is 
closed, Energissing of the A relay will cause the MP-DIV control relay to drop out and prevent further advance of the cycle counter. The 
sequence counter advances to read-out position 7, In preparation for the next cycle, the product out and sequence counter reset relays are 
picked up. If the B relay is wiergissed, the PQ invert relay is picked up. Assuming the product is to be delivered to storage counter 40, 
code 64, the sequence mechanism reads the line of coding (blank, 64, 7)» The sequence relays are picked up. The repeat relay and the 
storage counter in relays are energized, ^ 

-a 



MULTIPLICATIOK ; cycle lO (7 + n) -continued- 





Magnet 


9 ■ 9 






41 Multip>ly #1 
38 Multijdy #2 
59 DD-PQ Transfer #2 
PQ Counter Magnets 
24 PQ Carry Control 
62 PQ Carry 

47 MC-DR Reset 
HD-5 MC-DR Reset 

91 MC-DR Entry Control (1-2) 
MC-DR Counter Magnets (1-2) 

92 MC-DR Entry Control (3-6) 
MC-DR Counter Magnets (3-6) 

93 MC-DR Entry Control (4-8) 
MC-DR Counter Ijlagnets (4-8) 
MC-DR Counter Magnets (5) 
MC-DR Counter Magnets (7) 
MC-DR Counter Magnets (9) 

40 MP Reset 

MP Counter Magnets 
14 MP-DI\r Control 

Cycle Counter Magnet 
18 F 
12 A 
16 B 

Sequence Counter Magnet 
34 Product Out 

48 Sequence Counter Reset 
HD-3 DD-r»Q Invert 
Seq-31 Control 
Seq-B-6-]. 
Seq-B-4-3-,2 

Seq-C-7-1 

Seq-27 Respeat 

SC40-4,5,.6 Storage Counter In 


— 


— 




— 


— 






— 






— 


— 




— 


















' 






_ 




















— 


— 
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— 






— , 








1 
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1 1 1 


1 ■ 
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1 
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1 1 
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■ 




























1 


1 1 1 


1 1 1 


'p 




























1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 


II 

1 1 
II 
1 1 
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■ ■N 


■■ 
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1 
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I 
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1 1 li^i 


1 
































■1 
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^ 
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Pick Up Circuit 


Magnet 


Hold Circuit 


Circuit Diagram 


CC-1,..,9 
HD-3-l,..,10 NC 
HD-<>-l,..,9 NC 
DD (Counter RO 
59-1-1,.. J 
5<?-2-n 


PQ Counter 
Magnets 




+ CC-1„...9 
• H . ^D-3-l,..,10 


^1,..,9 








„o,o ^o^o , O „$/0„< 

12 3 4 516 7 

DD Counter RO 


11 


'1 


> 


— 


59-1-1,.., 
^9-2-11 

^■^'^^^^ounter 
Magnets 



00 
00 



MULTIPLICATION CYCLE 10 (7 + n) -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



CC-A4 (2-1 1/3) 
59-3-1 



CC-1,..,9 
HD-5-l,..,9 
MC-DR RO 
47-1-1,.., 
47-12-12 



CC-1,..,9 
40-1-1,.., 9 
MP Counter RO 
40-2-1,.., 
40-3-11 



CC-1,..,9 
Cycle Counter RO 
59-3-3 or 
47-2-12 



69-2-1,2 NC 

14-1-1 

CC-60 (6-5 1/3) 

59-3-2 



69-2-1,2 NC 

14-1-1 

CC-60 (6-5 1/3) 

59-3-2 

PQ 47th colunm 

9' 8 carry 

contact 



PQ Carry 
Control 
24-l-(4) 



MC-DR Counter 
Magnets 



MP Counter 
s 



Cycle Counter 
Magnet 



A Relay 
12-l,2-(4) 



B Relay 
16-1- (4) 



CC-46 (2-13 1/3) 

ABP-35 

24-1-4 



CC-29 (6-8) 
12-1-4 



CC-29 (6-8) 
16-1-4 



*,CC-U, (2-1 1/3) 



CC-46 (2-13 1/3) 
1tBp£55~^ 



R , ^ ,24-1- 4 



^^ PQ Carry Control 
24-l-(4) 



4-CC-l, ..,9 

-^Tr. ^5-1.. »,9 

t . 



P,0^0o0,pp0z0„0rt0<^0 



47-1-1,.., 
0"l"2"3"4 r5"6"7"8"9" ^47-12 -12 



jsMD-2,..,7 

>DR Counter Magnets 



4- CC-1. ...9 

H . o40-l-l,..,9 



PtO^O-,0, 0p0^0_O-0rt0 



40-2-1,.., 
0"r2"3"4"5"6"7 Y8"9" .40-3-1 1 
MP Counter RO ^ 



"^'^' jlPCounter Magnets 



+ CC— 1, .«,9 



47-2-12 



0°l°2 y3°4°5°6°7°8°9° I59-3V 1 
Cycle Counter RO-E ♦" | 



+,^9=^1 



69-2-2 
I 



r5-8) 



♦ , CC-60 (6-5 1/3) 

H . ^9:^2 



J^=lr4 



Cycle Counter Magnet 



,,^)^^_^,-v^MD-34,35 
A Relay 
12-1, 2- (4) 



•f ^9-2- 1 

^~1'~ . pH-l-l 






?C-29 Tfr-8) 



♦ . CC-60 (6-5 1/3) 

n=r , ^ 9-3-2 PQ 47th col. 



■*-9l 



t_ 



n - MD-34 

10r° r^^^^'Rel'ay l6-l-(4) 



MULTIPLI(;ATI0N c ycle K) (7 + n) -continued- 



Pick Up Circuit 


f^agnet 


Hold Circuit 


CC-10 (0-0 1/2) 


Sequence 




38-3-3 


Counter Magnet 




14-1-3 NC 






84-1-1 NC 






14-1-4 NC 


Product Out 


CC-43 (12-0) 


CC-57 


34-3-(12) 


ABP-3I-32-.33 


(12 1/2-13 2/3) 




34-3-12 


Seq Ctr RO D-7 






41-2-3 






and 






41-2-6 


34-l,2-(l2) 


CC-43 (12-0) 




34-4-(4) 


ABP-31-32-33 
34-4-4 


14-1-4 NC 


Sequence 


CC-43 (12'-0) 


CC-55 


Counter Reset 


ABP-31-32-33 


(12 1/2-13 2/3) 


48-l-(12) 


48-1-6 


Seq Ctr RO B-7 






41-2-2 






CC-40 


DD-PQ Invert 


CC-43 (12-0) 


(1/16 15-9) 


HD-3-(12) and 


ABP-31-32~33 


229-3-2 NC 


HD-3-(4)wc 


HD-3-12 


16-1-1 






FC-105 (4-2 1/2) 


Control 




Seq Cut-off Sw. 


Seq-31-(4) 




Card Feed #1 Sw. 


Clutch Magnet 




Card Feed #2 Sw, 






BBP-64 






12-1,2-3 






55-3-2 NC 






78-2:-a NC 






81-2-9 NC 






BBP-52, FBP-99 






201-1-2 NC 






FBP-98 






Seq-32-1,2 NC 







CO 
O 



Circuit Diagram 



+ CC-10 (0-0 1/2) 
"^:H1 o28=l-3 



^J)-v-<>f^-13 
^Seqxienc 



eqxience Counter Magnet 



■>• -14-1- 4 

~^^ .CC-57 (12 1/2-13 2/3) 



0°l°2°3°4°5°6°7k9:' 
CC-43 (12-0) Seq Ctr RO D-7 



IH_.__-y> 



,41-2-3 



Qt^t^^ 



ABP^l-32-33 



ja-6 



<;3=2rl2 



Pi'oduct Out 



34-3-(12) 



J^?r 



34-4-(4) 



]^L -CC-55 (12 1/2-13 2/3) 

CC-43 (12-0) 0°1°2V4°5°6°7?8°9° ja-2..: 

■1-6 f_ 



-2-2 



^^^39-3 Jir" " "^ ^\ 



^MD-42 

Sequence Counter Reoet 
48-l-(12) 



+ CC-40 (1/16 15-9) 



IS 



H 



TI5^" 



,229-3-2 



■ffiF%I?5"5^ 






.,-ci'D-46 
]^^^^T5i)-PQ Invert HD-3-(12), HD-3-(4)vrc 



+ FC-10 5 (4-2 1/2) 



,12-1-3 



SeqTSw' C.F.#I Sw. C.F.#2 Sw. BBPi^^ t ^5-3- 2 

"-^:_ _BB^ 



I SOl-l-:^ 




r^^CorjS^ Seq-31-(4) 



- F-18 

__F-19 

Clutch Magnet 









MULTIPLICATION CYCLE 10 (7 


¥ n 


) -continued- 






Pick Up Circuit 


Magnet 


Hold Circuit 


Circuit Diagram 


FC-101 (3-2 1/2) 


B-6-l-(6) 
B-4-l-(12) 
B-4-2-(6) 
C-7-l-(4) 

Repeat Relay 
Seq-27-(4) 

Storage Counter 

#40 In 
SC40-4,5-(12) 
SC40-6-(4) 


FC-102 (4-9 3/4) 
VBP-225 
B-6-1-6 
B-4-2-6 

C-7-1-4 

FC-107 (0-5 1/4) 

VBP-280 

Seq-27-4 

SC-11 (12-0) 
SC40-6-4 


+ FC-101 (3-2 1/2) 






VBP-100 




"I . n r 


Seq-31-1 


( 




- n - 




Seq-31-1^..,4 


^/BP-loo / 

< 


♦ 


^ 1 


B-6-1-6 


B-6-l-(6) ^^ 

VI.0 - 


^- /-17 


Reading Pins 


?eq-31-2 






teq-31-3 

t 
,3eq-31-4 


^4 , 


b-4-2-6 
t 


B-4-l-(l2)^^ ~ 
B-4-2-(6) 

.n^-F-18 




FC-102 (4-9 3/4) 


^^7 


lp-7-1-4 


C-7-l-(4) -- 




FC-107 (0^5 1/4) 
VBP-280 


4 


VbP2225 

FC-107 (0-5 1/4) 

' 1— 1 ^ „ C-7-1-1 


n ^ 


.^-18 

lepeat 

eq-27-(4) 

.-1 

t B-4-1-3 

♦ o B-3-1-6 

° f „ B-2-1-11 


C-7-1-1 

FC-93 

(12 1/2-13 2/3) 

VBP-U9 

B-8-1-1 no 

B-7-1-1 NC 
B-6-1-1 
B-5-1-2 NC 
B-4-1-3 
B-3-1-6 NC 
B-2-1-11 NC 
B-1-2-9 NC 


VBt'2280 


♦ 


< 

4 FC-93 (12 1/2-13 


l,Seq-27-it 


C 


2/3) 




3C-11 (12-0) 
H . 


-1-1 

^C40 

i 


-1-1 

t_ 

-6-4 








Storage Counter In 

SC40-4,5-(12) 

SC40-6-(4) 



CYCLE n (8 + n) 

The product is read from the PQ counter to storage. The storage counter carry is completed. The sequence counter and the 47th column of 
PQ counter are reset. The repeat relay permits the energizing of the start relay. The calculator continues in operation. 



tWLTIPLICATIC iN CYCLE 11 (8 + n) -contlnued- 



to 



Pick Up Circuit 



NO 



CC-1,..,9 

HD-3-1, . . 
HD~3-10 

HD.-6-l,..,9 NO 
PQ Counter RO 
Plug Wires 
34-1-1,.., 
34-2-11 
Buss 
SC40-4,5-(12) 

CC~5 (5-5 1/2) 
Seq Ctr HO 
BBP-43 
78-2-10 KC 
83-1-4 MC 
80-1-1 NO 
BBP-4i^ 
FDP-176 
238-1-2 NC 
FBP-177 
BBP-4.5 



82-1-4 
42-2-5 
55-2-9 
15-1-1 
48-1-2 



NC 
NC 
NC 
NC 



Magnet 



34 Product Out 

HD-3 EO-PCJ Invert 

SC40-4,5,<> Storage Counter In 
Storage Counter Magnet 

SC40-9 Storage Counter Carry Coni.rol 

SC40-7,8 Storage Counter Carry 

12 A 

16 B 

48 Sequence Counter Reset 
Sec[uence Counter Magnet 
PQ 47th column. Counter Magnet 

Seq-27 Rejseat 

Seq-33 Start 

Seq-31 Control 

Seq R€!lay3 



■ I I I 11 ■ I 



Magnet 



Storage Counter 
Magnet (cols. 
1-23) 



Sequence Counter 
Magnet 



Hold Circuit 



Circuit Diagram 



+ CC-1..,,9 

" ^H . -HD-3-l,..,9 

^^L._JiPr6rl,..,9 






-^l°fJllli 



°6V8°9° 



Plug 34-1-1,.., 



PQ Counter RO 



4-2-11 SC40-4-1,.., 



mres » . o ,,3040=5-11 

Buss t ^L— "-^nL/"!^ 

Storage Counter Magnet 
Columns 1-23 



+ CC-5 (5-5 1/2) 

"^h: 



0°1°2°3V5°6° ^8°9° , ,78-2-10 
Seq Ctr RO HiBP^ 



^^^"l^Lso^i-i 



BBPiiJirrap^w I . 



FBF^rrBliPi^ij f ,42-2- 5 

f „55-2-9 

^^ ^8-1-2 

SeqCtrMagnet^ 



MULTIPLICATION CYCLE 11 (8 + n) -continued- 



Pick Up Circuit 



Uagnet 



Hold Circuit 



Circuit Diagram 



CC-9 (9-9 1/2) 

HD-3-10 

Col, 46 zero 

Col .47 zero or 8 

HD-3-11 

Col, 47 9 spot 

Plug Wires 

34-2-12 

Buss 

SC40-5-12 



Read 9 from 47th 
col, of PQ to 
24th col. of 
storage counter 



CC-2 (2-2 1/2) 
71-1-3 NC 

CC-1 (1-1 1/2) 
71-1-2 NC 

PQ 47th column 

RO 
134-3-9 



Seq-27-1 

VBP-276 

FC-103 (6-5 1/2) 

VBP-277 

Seq-27-2 



FC-105 (4-2 1/2) 
Sequence Cut-off 

Switch 
Card Feed #1 Sw. 
Card Peed #2 Sw. 
BBP-64 
Seq-33-1 
Seq-32-1,2 NC 



PQ 47th column 
Counter Magnet 



Start 
Seq-33-(4) 



Control 
Seq-31-(4) 



FC-108 (6-2 1/2) 

VBP-278 

Seq-33-4 



•»• CC-9 (9-9 1/2) 
f t_— <^ 



2=4rl 



col, 46 






0"5°1°6V7V8V1, 



L 



HD^3-ll 



XooToooooo 6 ^^"g 34-2-12 



col. 47 51627384 9 

' ^ Wires 



Storage Ctr Magnet 
col.24 



Buss 



^^-^J^ r^'^ 



■^ CC-2 (2-2 1/2) 

TEL 



71-1- 3 



CC-1 (1-1 1/2) 



HL 



£1-1-2 



0°5°1°6°2°7°3°8' 
PQ 47th column fiO 



4 ^eq-2 7-1 

"It" - FC-ip3 (6-5 1/2) 

VbF^276- h\ ^ .Seq-2 7-2 

FC-108 (6-2 1/2) VbP^T? ^t" 



S. 



_<^4-2r9 



^JL-^''-0®-i2 



PQ 47th column 
Counter Magnet 



rs 



VBP-278 r 



Seq-33-(4) 



4 FC-10 5 (4-2 1/2) 



Seq.Sw, C.F.#1 Sw. C.F.#2 Sw. BBP^ 



kg-32-1 

.x§§a=33-i r^. 




<,F-18 
Control 

Seq-31-(4) 



CO 



READ-Oi n' of Pg L0W>ORDER COHMJS 

GTCIE 11 (8 + n). Assuming that the low order columns of the product are to be delivered to storage counter 3, code 21, the sequence me- 
chanism reads the line of coding (86, 21, 7)* The sequence j^elaya are picked up. The special PQ out relay, the repeat relay and the 
storage counter in relay are energized. If the B relay is energized, the special sign ralay and the DD-PQ invert relay are piclked up, 

CYCIE 12 (9 + n) . The storage coiiinter magnets are energized and the storage counter caricy circuits conqsleted. The repeat relay permits the 
energizing of the start relay, TYie calculator continues in operation. 



CO 



]lagnet 



Sequence Relays 
100-1 Special Sign 
99-1,2,3 Special PQ Out 
HD-3, HD-3 wc DD-PQ Inve;rt 
Storage Counter Magnets 



Cycle 11 



I 



Cycle 12 



Pick Up Circuit 



NC 



NC 



FC-92 

(12 1/2-13 2/3) 

VBP-l!50 

A-S-l-l 

A-7-l"2 

A-6-1-3 

A-5-1--6 

A-4-1-11 NC 

A-3-2-.9 NC 

A-2-4-5 NC 

A-I-7..9 NC 

CC-40 

(1/16 15-9) 
229-3-2 NC 
16-1-1 



CC-33 

(U-ll> 1/3) 
99-3-1,2 
100-1-1,2 



CC-9 (9-9 1/2) 
HD-3-]L wc 
99-2-].2 
Buss 
SC3-5-12 



Magnet 



99-l,2-(12) 
99-3-(4) 
Special PQ Out 
(col. 1-23) 



100-1- (4) 
Special Sign 



HD-3-(12) 
HD-3-(4) wc 
DD-PQ Invert 



Str Ctr Magnet 
24th col. 



Hold Circuit 



CC-43 (12-0) 
ABP-.3I-32-33 
99-3-4 



CC-47(3 1/2-16) 
100-1-4 



CC-43 (12-0) 
ABP-31-32-33 

HD-3-12 



Circuit Diagram 



^ C-92 (12 1/2-13 2/3) 
VBP.^50^ Jl-7-1 -2 



^ A-5,-1-6 Special PQ Out (1-23) 

T Jl-4-1-11 99-l,2-(12) 

T c/^-3-2 -9 99-3-(4) 
"^^T -A-2-4-5 
CC-43 (12-0) ^^— f A-i-7-9 _MD-47 

ABp25i^;2233 ♦ : 



.CC-40 (1/16 15-9) 



j^j: 



krSn3 172^1^ 



229-3-2 




- MD-47 



DD-PQ Invert 

- MD-46 

HD-3-(12) 
HD-3-(4) wc 



t <:^.^^C2=:5-12 

Buss t. 



Str Ctr Magnet 
24th column 



Pick Up Circuit 



CC-1,..,9 
HD-3-l,..,10 NC 
HD-6-l,..,9 NC 
PQ Ctr RO (1-23) 
99-1-1,.., 

99-2-11 
SC3-4-1,.., 

SC3-5-11 



Uagnet 



Str Ctr Magnets 
cols. 1-23 



READ-OUT of Pg LOW-ORDER COLIB^NS -continued- 



Hold Circuit 



2=i-l,..,10 



0°lV3V5 

PQ Ctr RO cols. 1-23 



o^o o o o 99-1-1,.. 
i T6 7 8°9° ^99-2- 11 



SC3-4-1,.., 
Buss t. 



Str Ctr Magnets 
cols. 1-23 



NORMALIZING REGISTER 
cSSi?; S: c:2p!S:d ^IfrmpScaUoi'^cj: o""""* '*• '''- '^•^'^ '"'' '° '•■• "-^ "-'• '"" "'J-«^»torag. counts and „ltlply 



Magnet 



Sequence Relays 

101-1,2 Normalizing Register Read-in 
102-1,.., 23 Digit Sensing 
103-1,.., 23 Shift Positioning 



Pick Up Circuit 



FC-93 

(12 1/2-13 2/3) 

VBP-U9 

B-8-1-1 

B-7-1-2 NC 

B-6-1-3 NC 

B-5-1-5 NC 

B-4-1-9 NC 

B-3-2-5 

B-2-3-10 

B-1-6-8 



Magnet 



101-1,2-(12) 
Norm. Reg. 
Read-in 



Hold Circuit 



CC-43 (12-0) 
ABP-31-32-33 
101-2-12 




Circuit Diagram 



C=p (12 1/2-13 2/3) 



.CC-43 (12-0) 



PssOsrrCb 



ABP=5i:i32=33 



f n B-6 -1 -3 

I oB-^rl-5 Normalizing Register In 

I oB-4--l-9 101-1,2-(12) 

f oB-2-3-10 
001=2-12 l_.,i=1.6.S MD.47 



NORlJfALIZINl} REGISTER -continued- 



Pick Up Circuit 



SC-1,..,9 

Str Ctr Reset NC 

Str Counter 

Invert-NC 
Str Ctr BP 
Str Ctr RO col.n 
SCA-1-1,.., 

SCA-2-11 
Buss 
101-1-1,.., 

101-2-11 

CC-37 

(11-lA 12) 
102-23,.., 1-1 



Magnet 



102-1,.., 23-(4) 
Digit Sensing 



103-23,.., l-U) 



Hold CircuJ.t 



CC-35 (9-12) 

ABP-21 

l()2.-n-4 



4:3-1-1 NC 

OP 

CC-52(l/3 3-16) 
and 
103-23,.., 1-4 



CO 



Circuit Diagrsim 



-ElloSfef" P^r Reset 

~\ c^ixCtr Invert 



Digit Sensing 
102-n..(4) 



f . ^ . 102-n..(4; 

StrCtr i SCA-1-1,.., 1 fi n S 23 

BP 0°l°2°3 ?4"5°6°7°8" 9%SCA-2-ll 101-1-1,.., 



^t 



(9-12) 



Storape Counter RO 
column n 



ABP-21 



+ CC- 37 (11-1/4 12) ol02-22=i 



3L- 



^tlril-l 



J.03-23-4 
1 



102-22-; 



1103-22-4 

1: ^ 



102-2-1 



CC:-52 (1/3 3-16) 

^I 



;-i-i 



rSi. 



t 



rSir 



m=.i'h 



rStJ 



-0-oM=2-ll 
Buss 

<j.Q2-P-4 

t ^^ 



_- MD-47 
Shift Positioning 
103-23,.. ,l-(4) 



.- MD-47 



CYCLE 4. The power of ten selected by the digit sensing and shift positioning relays is read into 1;he intermediate counter and into storage 
counter E. The operations of multiplication cycle 4 are carried out. The sequence mechanism reads the line of coding (8321, C, 7), and 
steps to the next line. The normalJLzing register read-out relay and storage counter C in relay are energized. 

CYCIE 5. The operations of multiplication cycle 5 are conpleted. The amount of shift is read into storage counter C. 





Magnet 


9 Cycle 4 9 


Cycle 5 9 






103-1,.., 23 Shift Positioning 
Intermediate Counter Magnet 
104-1 Normalizing Register Read-Out 
Storage Counter I'agnets 




























































-- 






















































































1 








1 
































R 
















































1 


1 


1 


1 


1 


■ 


1 


1 


1 




Pick Up Circuit 


Magnet 


Hold Circuit 


Circuit Diagram 


CC-1 (1-1 1/2) 

46-5-2 

103-(n)-l 

Buss 

50-1-1,., 50-2-12 


Intermediate Ctr 
Magnet 

col.(24-n) 




+ .c(^a_(i-i 


1/2) 
j^6-q-2 50-1-1,.., Intermediate Ctr Magnet 
~+ . ol03-(n)-l o50-2-12 column (24-n) 

t 0-... J t _,JL-_.-.^ MD-1 

Buss 



NORMALIZING REGISTER -continued- 



Pick Up Circuit 



FC-92 

(12 1/2-13 2/3) 

VBP-150 

A-8-1-1 

A-7-1-2 NC 

A-6-1-3 NC 

A-5-1-5 NC 

A-4-1-9 NC 

A-3-2-5 

A-2-3-10 

A-1-6-8 

CC-1,..,9 
103-n-2 or 3 
104-1-1 or 2 



Buss cols .20 
and 21 



Uagnet 



104-l-(4) 
Norm. Reg. 
Read-out 



Hold Circuit 



CC-43 (12-0) 
ABP-31-32-33 
104-1-4 



Circuit Diagram 



+ FC-92 (12 1/2-13 2/3) 



. -. -A-g-l -l 
VBP^lgo T ^A-7-1 -2 

'^-^^-l_^^=6.1-3 

t A-5-1 -5 Normalizing Register Out 

f A-4-1 -9 104-l-(4) 

°^ T .A-2-3 -10 
CC-43 (12-0) ° — T A-1-6-8 MD-47 

1 Q 



+ CC-3 (3-3 1/2) 



H_ 



CC-2 (2-2 1/2) 
"FT, 



CC-1 (1-1 1/2) 



j.03-2 3-2 



JL03-23-3 



J.03-2 2-3 



103-22-2 



103-21-2 



J:03::14-3 



-fe 



103 



103-13-3 



-ter 



103 



103-12-3 



-fe" 



103' 



103-11-2 
o 

JL03-fa^ 



JDU=1'2 



104=1-2 



t pJlx"-^ 



Buss col. 20 
Buss col. 21 



-3 



NORliAI.,:[ZING REXilSTER -continued- ro 



CYCLE 6. Tho operations of multip].icabion eye lea 6 and 8 (5 -I- n) are carried out. 

CYCLE 7. The operations of imltipHcation cycle 9 (6 + n) ars carried out. The sequence mechanism reads the line °^/°f^"f ^C' ^» 2^' f^J 
steps to the next line. The sequence relays, storage counter C out relay, storage counter B in r.3lay and the storage counter invert relay 
are picked up. 

CYCLE 13. The operations of imltip^Licabion cycle 10 (7 + n) are carried out. The nines corapleinent of the amount of shift is read ^^^ stor- 
age counter C to storage counter B completing the conpitation of the e3q>onent. The sequence mechanism reads the line of coding ^bianK, 
blank, 7), and steps to the next liLne. The sequence relays are picked up. 

CYCLE 9. Except for the pick up oi? the storage counter in relay, the operations of multiplication cycle 11 (8 + n) /^« °*""J«*^^?^J;* „ . T^l 
sequence mechaiiism reads the line of coding (86, D, 7), and steps to the next line. The seqiience relays, the special PQ out relay and the 
storaga counter D in relay are energized. 

CYCLE 10. The normalized quantity is read int,o storage counter D with its highest significant digit in the 23rd column. The repeat relay 
permits the pick up of the start rtslay. The calculator continues in operation. 



DIVISION CYCLE 



To start division, assvuning the DR to lie in counter 8, code A, the sequence mechanism reads the line of coding (4, 76, blank) • As in multi- 
plication cycle 0, the sequence relays are picked up. The divide relay is picked up« The sequence counter advances to read-out position 1« 
The storage counter out relays are picked up as in multiplication cycle 0. The intermediate in and DD-PQ reset relays are picked up. The 
heavy duty DD-PQ reset relay is energized as in multiplication cycle 0. _^_____ 



Uagnet 



Seq-27 Repeat 
Seq-33 Start 
Seq-31 Control 
Seq-A-4-1,2 
Seq-B-7-1 
Seq-B-6-1 
56 Divide 

Sequence Counter Magnet 
SC8-1,2,3 Storage Counter Out 
50 Intermediate In 
58 DD-PQ Reset 
HD-6 DD-PQ Reset 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



FC-95 (2 

VBP-171 

B-8-1-2 

B-7-1-3 

B-6-1-5 

B-5-1-4 

B-4-1-7 

B-3-2-1 

B-2-3-1 

B-1-5-1 

BBP-103 



-1 1/3) 

NC 



Divide 
56-l,..,13-(12) 



48-1-1 NC or 

CC-52 (1/3 3-16) 

and 

CC-53 (11-16) or 

BBP-91 

FBP-140 

199-1-1 NC 

FBP-197 

BBP-132 

and 

56-13-11 



•^ FC-95 (2-1 1/3) 

TOP^^tT f gB-7-1 -3 






CC-52 (1/3 3-16] 

n=r. 



3-5-1-4 

~T >-^-i-7 



ll.M^-1 



, , 199-1 -1 

WP^91 FBPi54u f FBP-197 BBP- 132 



CC-53 (11-16) 



U:^-ll 



BBP 103 

^MD-44 
Divide 
■56-l,..,13-(12) 



CC-10 (0-0 1/2) 
56-13-1 
14-1-3 NC 
84-1-1 NC 



Sequence Counter 
Magnet 



•I- CC-IO (0-0 1/2) 

~ n=r , 



r^6-13-l 



J4-1-3 



.84-1- 1 
^1_ 



^■^ Sequence Counter Magnet 



DIV:[SION CYCLE -continued- 



Pick Up Circuit 



14-1-i* NC 

CC-55 

(12 1/2-13 2/3) 

Seq Clir RO 13-1 

56-11-1 



U-l-i^ rc 

CC-57 

(12 1/^2-13 2/3) 

Seq Ctr RO D-1 

56-11-2 



CC-43 (12-0) 
58-8-]L2 . 
58-4-U,12 
CC-62 (14-0) 



Magnet 



Intermediate In 
50-l,2,3-(12) 



DD-PQ Reset 
58-l,..,8-(12) 



DD-PQ Reset 
HD-6-(12) 



Hold Circuit 



CC-i^3 (12-0) 
ABP..3I-32-33 
50-3-11 



CC-43 (12-0) 
ABP-31-32-33 
58-(J-12 
58-/^-ll,12 



Circuit Dia,gram 



±^i=L-4 



^-- .CCr£5 (12 1/2-13 2/3) 

-hi—, 



SCdi3 (12-0) 



m 



0"l Y2°3°4°5°6°7V9° ^6-11 -1 
Seq Ctr RO B-1 ^ 



^0^31^32233" 



±4/1=1-4 

I f CC-57 (12 1/2-13 2/3) 
I I 



CC-L3 (12-0) 



,^0=3rll 



0°1 ?2°3°4°5°6°7V9° 
Seq Ctr RO D-1 



W 



aChrrOrrO:: 



ABP-31-32-33 



^58=8.-12 



cB8=4rll 



+ iLC=42 (12-0) 



an 



o — o — o — 



.,5fi=a"=i2 



t. 



isidcii 



58-4-12 



,!g8Wcl2' 



.CC;.62 (14-0) 



HI, 



Intermediate In 
50-l,2,3-(12) 



ivJL— ''-C.^39 
^^"^D-PQ Reset 
58-l,..,8-(12) 



_^^^^,-^-46 
^^DD-PQ Reset 
HD-6-(12) 



DIVISION CYCIE 1 

The DR is read from storage to the intermediate counter. The entry of a nine into the 24th column of the Intermediate counter (a negative 
W.) picks up the intermediate 24th column read-out control relay. The DD, PQ and Q-shift counters reset. The sequence counter is advanced 
to read-out position 2, In preparation for the next cycle the intermediate invert control and intermediate invert relays are picked up if 
DR is negative. The shift pick up,, shift and MC-DR in relays are picked up in order to read the DR from the intermediate counter to the 
MC-DR counters with its first signiLficant digit in the 23rd column of MC-DR (1-2), The <tntry control relays on MC-DR (1-2) and (3-6) are 
energiised as in multiplication cyc'Le 1, 



DIVISION CYCLE 1 -continued- 



Pick Up Circuit 



CC-1,..,9 
HD-6-l,..,9 
Q-Shift RO 
58-8-10,11 

14-l-/^ NC 
CC-55 

(12 1/2-13 2/3) 
Seq Ctr RO B-2 
56-11-3 

Intermediate Ctr 
24th colunin 
2nd mldg to 

2nd mldgs O's 
or 

24th column 
2nd mldg 9 to 

3rd mldgs 9's 



Magnet 



56 Divide 

SC8-1,2,3 Storage Counter Out 

50 Intermediate In 

Intermediate Counter Magnets 
89 Intermediate 24th column RO Control 
58 DD-PQ Reset 
HD-6 DD-PQ Reset 

PQ Counter Magnets 

DD Counter Magnets 

Q-Shift Counter Magnets 

Sequence Counter Magnet 
22 Q-Shift Invert 
94 Intermediate Invert Control 
HD-1 Intermediate Invert 

35 Shift Pick Up 

36 Shift 

43 MC-DR In 

91 MC-DR Entry Control (1-2) 

92 MC-DR, Entry Control Ci^f.) 



Magnet 



Q-Shift Ctr 
Magnets 



Shift Pick Up 
35-l,..,46-(4) 



Hold Circuit 



CC-42 

(12-1/3 16) 
35-1,.., 46-4 



I I 
I I 



■ 

■ PMM 

■ 1 1 ■ I li 



Circuit Diagram 



±^CC^..,9HD-6.-l,..,9 

H . J t 



0°1°2°3°4!5°6°7V9° 



Q-Shift Ctr RO 



_r^^^-Q:Sh&- 



t Counter Magnets 



T ,CC-55 (12 1/2-13 2/3) 



SL 



0°1°^ 



3V5V7V 9° ^6-11-3 



Seq Ctr RO B-2 



Intermediate Counter RO 
col. 24 col. 23 col. 2 col. 1 
2nd mol dings 



CC-42 (12-1/3 16) 





O 

O Shift Pick Up Relays 

O 3rd moldings 35-l,..,46-(4) 

LJLJl 



J35-46 -4 



j;35-4-4 I p5~2- 4 



"^ ^ ""^ 



MD- 



DIVISION CYCLE 1 -continued- 



Pick C'p Circuit 



14-1-4 NC 

CC-56 

(12 1/2-13 2/3) 

Seq CtT RO C-2 

56-11-4 



14-1-4 NC 

CC-56 

(12 1/2-13 2/3) 

Seq Ct;r RO C-2 

56-11.-5 



14-1-4 NC 

CC-57 

(12 l/'2-13 2/3) 

Seq Ctr RO D-2 

56-11-6 



CC-33 

U-15 1/3) 
43-2-12 
35-(2n + l)-l 
35-(2ii-l)-l NC 
35-(2n)-l NG 



Magnet 



MC-DR In 

43-l,..,10-(12) 

43-ll,12-(4) 



Q-Shift Invert 
22-l-(12) 



Intermediate 
Invert Control 
94-l-(4) 



Shift 

36-1,.., 39- 
(4,6 or 12) 



CJ1 



Hold Circuit 



CC-Z|,3 (12-0) 
ABP-31-32-33 
43-3.0-12 
43-32-3,4 



CC-h3 (12-0) 
ABP-31-32-33 
22-].-ll 



CC-43 (12-0) 
ABP-.3I-32-33 
94-3L-4 



CC-43 (12-0) 
ABP-.31 
36-1-4,.., 
36-39-2 



Circuit Diagram 



tMd^ 



.Cq-56 (12 1/2-13 2/3) 



0=56 { 



?^°i!4!5V2V2!..^6^-4 
, CC-4 3 (12-0) Seq Ctr RO C-2 _ t^ ^ j rSb-nT^^^'^ 



-O— -O— O— 



JT .CC-56 (12 1/2-13 2/3) 
i=L» J 

,0 ^OqO ,0 pO^COrtOnO 



.<;63=1©-15 



<y=i2-3 



fe2=12-A 



43-l,..,10-(12) UC-DR In 
^■^^-'"45-3^(4) 



p C-43 (12-0) 



0Pl°2 ?3°4^5°6°7°8°9° 3 6-11-5 
Seq Ctr RO C-2 t ^ n - ^- .MD-35 



g3J 



±J/f-l-4 



5.B^33!232^i3 
J!^ (12 1/2-13 2/3) 



.<^2=lrll 



'"^^■''QlShi/t Invert 
22-l-(12) 



(fl M3°4'^^6°7V9° ^6-11 -6 
Seq Ctr RO D-2 



"^^ Intermediate Invert Control 



-^MD-41 
36-3^38,39-(12,12,4) 




36-2-(6) 



CC-43 (12-0) 
FT ^ n 



•^6-1-4 fM6-l-(4) 



Shift 

36-1,.., 39-( 4,6 or 12) 



DIVISION CYCLE ^ 

The sign control relays are picked up if the intermediate 24th column read-out control relav is up as in multiplication cycle 2, The posi- 
tive absolute value of DR reads from the intermediate counter to MC-DR counters (1-2), (3-6;, (5), (7) and (9). The positive absolute value 
of DR is read through the shift relay so that its first significant digit lies in column 23 of MC-DR (1-2). The complement on nine of the 
number of columns the DR is shifted left on reading into MC-DR (1-2) is read into the Q-shift counter. At carry time an elusive one is read 
into the Q-shift counter. The sequence counter advances to read-out position 3. In preparation for the next cycle, the intermediate reset, 
the first build-up and the first and second build-up relays are picked up. The entry control relays for MC-DR(3-65 and (4-8) are energized 
as in multiplication cycle 2. 





Magnet 


9 09 






56 Divide 

89 Intermediate 24th column RO Control 

70 Sign Control #1 

71 Sign Control #2 

94 Intermediate Invert Control 
HD-1 Intermediate Invert 

43 MC-DR In 
36 Shift 

91 MC-DR Entry Control (1-2) 
MC-DR Counter Magnets (1-2) 

92 MC-DR Entry Control (3-6) 
MC-DR Counter Magnets (3-6) 
MC-DR Counter Magnets (5) 
MC-DR Counter Magnets (7) 
MC-DR Counter Magnets (9) 

22 Q-Shift Invert 

87 Q-Shift "Elusive One" Control 

88 Q-Shift "Elusive One" 
Q-Shift Counter Magnets 
Sequence Counter Magnet 

44 First Build Up 

45 First and Second Build Up 
52 Intermediate Reset 

HD-4 Intermediate Reset 

92 15C-DR Entry Control (3-6) 

93 MC-DR Entry Control (4-8) 
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Pick Up Circuit 


Magnet 


Hold Circuit 


Circuit Diagram 




CC-IO (0-0 1/2) 
56-13-1 
14-1-3 NC 
84-1-1 NC 


Sequence Counter 
Magnet 




+ CC-10 (0-0 1/2) 

t ,^4-1-1 

t . .0 - _^-,MD-13 

Sequence Counter Magnet 


s 



Pick Up Cii'cuit 



CC-15: 

(12-12 1/2) 
Carrjr BP 
Q-Shift Ctr 

Carry Contact 
88-1-1,2 
28^1-1 NC 



14-1--4 NC 

CC-5;i 

(12 1/2-13 2/3) 

Seq Ctr RO B-3 

56-U.-7 



U-1--4 NC 

CC-56 

(12 ]./2-13 2/3) 

Seq Ctr RO C-3 

56-11.-8 



14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq (;tr RO D~3 

56-U.-9 



U-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-3 

56-13.-9 

CC-61 (12-0) 



Magnet 



Q-Shift Ctr 
Magnets 



First Build Up 
44-l,..,5-(12) 



First and Second 

Build Up 
45-l,..,5-(12) 



tlold Circuit 



CC-43 (12-0) 
ABI»-31-32-33 
44-5-11 



CC-43 (12-0) 
ABP-31-32-33 
45-5-11 



Intermediate 

Reset 
52-l,2,3-(12) 



Intermediate 

Reset 
HD-4-(12) 



CC-43 (12-0) 
ABP-31-32-33 
52-3-11 



CC-43 (12-0) 
ABP-31-32-33 
52-3-11 
CC-^1 (12-0) 



DIVISION CYCLE 2 -continued- 



o 



Circuit Diagram 



+JK;-12 (12-12 1/2) 
izj — t^ 0-- 



"CarrylBP 



Q-Shift 88-1-1 

Carry Contact 1 ♦ 

col.l Jfe8-1-1 



col.l 



20J 



^JU- 



Jtikr 



88-1-2 

-o 



4, col. 2 Q I tegnets 



3-13 
5-SHlft 
Counter 



4 14-1-4 

"T CC-55 (12 1/2-13 2/3) 

"*^- 1 

0°1°2° 3 r4°5°6°7°8°9° 56-11-7 
CC-43 (12-0) Seq Ctr RO B-3 ° tl 

"TT ^ .44-5-11 



"^tBI%t2?^35 




^MD-42 

ITrsVBuild Up 

44-l,..,5-(12) 



4 14-1-4 



T CC-56 (12 1/2-13 2/3) 

0°1°2°3 U°5°6°7°8^9° j6-ll-e 
CC-43 (12-0) Seq Ctr RO C-3 f" Q .^^-^J^'^^ 

*~TIT ^ 45-5-11 "■ p-^^^FL^sTand Second Build Up 
'AiiiQT&3^J3 ° » 



45-l,..,5-(12) 



4 14-1-4 

~\ CC-57 (12 1/2-13 2/3) 

0°1° 2^3 *4° 5°6°7°8°9° .56-11 -9 
CC-43 (12-0) Seq Ctr RO D-3 "~^ ^^ 



^^^m%?5^5r- '^'"^'^^ 



.^ -.- .t^-43 
■ ""^^-^ Intemediate Reset 
52-l,2,3-(12) 



+ :u-i-4 

-f CC-57 (12 1/2-13 2/3) 

0°l°2^3 ?4°5°6°7°8°9" 56:^^.-9 
CC-43 (12-0) Seq Ctr RO D-3 ^^ ^ _CC-6l (12-0) 



TT n --- MD-46 

J— I — ■ oi-^ 



.ntermediate Reset 
HD-4-(12) 



DIVISION CYCLE 2 -continued- 



Pick Up Circuit 



CC-1,..,9 
HD-1-1,..,10 NC 

if DR was > 
HD-1-1,..,10 NO 

if DR was < 
HD-4-l,..,9 NC 
Intermediate RO 
36-1-1 or 
36-2-1,2 or,.., 
36-37-1,.., 

36-38-11 

43-1-1,.. 

43-2-11 
43-3-1,... 

43-4-11 
43-5-1, 

43-6-11' 
43-7-1,. 

43-8-11 
43-9-1, 

43-10-11 

CC-1,..,9 
22-1-1,.., 10 
36-1-2,3 or,.., 
36-35-11,12 



CC-44 (2-1 1/3) 
43-4-12 
36-39p-1 NC 



CC-45 

(1/16 11-13) 

87-1-1 



Magnet 



Counter Magnets 



MC-DR (1-2) 

MC-DR (3-6) 

MC-DR (5) 

MC-DR (7) 

MC-DR (9) 



Q-Shift Ctr 
Magnets 



Q-Shift "Elusive 

One" Control 
87-l-(4) 



Q-Shift 

"Elusive One" 
88-l-(4) 



Hold Circuit 



CC-46 (2-13 1/3) 

ABP-35 

87-1-4 



Circuit Diagram 



+,£0=0^. .,9 

H . jiD=i...,io 



^o , o „o „o a pO^o rf OrtO^o 



36-20-1,.., 
0"l"2"3"4 Y5"6"7"e"9" . ^6-21-3 43-1-1, . . , 
Intermediate RO ♦ . c/t3-2- ll 

t 



+CC-1,..,9 



22-1-1,.., 10 



+ CC-44 (2-1 1/3) 
TFT . ^3-4- 12 



CC-46 (2-13 1/3) 
n=r . o ^87-1- 4 



+ CC-45 (1/16 11-13) 

"TB_r___ 



J6=l_-S 



j26:i-3 



,^6-35-11 



J26=35-12 
t ^ 



..^-1 



87-1-1 



MC-DR Counter Magnets 




col.l 



col. 2 



Q-Shift Counter Magnets 



>^^-^-Shift "Elusive One" Control 
87-l-(4) 



"^^^■''^hShm^"Elusive One" 
88-l-(4) 



o 



DIVISI ON CYCLE 3 « 

< 
As in multiplication cycle 3» the intermediate counter resets. If a nine stood in the 24th coluiain of the intermediate counter, a nine is 
read to the 47th column of the PQ counter as in multiplication cycle 3» The first build up takes place; i.e., twice the DR is read from 
the doubling moldings of MC-DR (1-2) to IK-DR (3-6), (4-8), (5) and (9). The MC-DR carry control and carry relays are picked up and the 
carry impulse completes the first build up. Assuming the DD to lie in storage counter 20, code 53, the sequence mechanism reads the line 
of coiling (53, blank, blank). This sequence relays and the storage counter out relays are picked up as in multiplication cycle 3 • The seq- 
uence counter is advanced to read-out position 4. In preparation for the next cycle the intermeiilate in, first and second build up, second 
build up and add~22 relays are enorgized. The entry control relays for MC-DR (4-8) are picke d up as in multiplic ation cycle 3» 





Magnet 


9 9 






56 Divide 

52 Intermediate Reset 

HD-4 Intermediate Reset 

Intermediate Counter Mapnets 

70 Sign Oontrol #1 

71 Sign Control #2 

PQ 47t.h column Counter Magnet. 

44 First Build Dp 

92 MC-DR Entry Control (3-6) 
MC-DR Counter Magnets (3-6) 

45 First and Second Build Up 
ii!C-DR Entry Control (4-8) 
MC-DR Counter Magnets (4-8) 
MC-DR Counter Magnets (5) 
MC-DR Counter Magnets (9) 

26 MC-DR Carry Control 

49 MC-DR Carry 
Seq-31 Control 
Seq-A-5-1 
Seq-A-3-1,2,3 

SC20-1,2„3 Storage Counter Out 
Sequence Counter Magnet 

50 Intermediate In 

45 First and Second Build Up 

46 Second Build Up 

93 MC-DR Entry Control (4-8) 
32 Add 22 
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Pick Up Circuit 


Magnet 


Hold Circuit 


Circuit Diagraira 


CC-10 (0-0 1/2) 
56-13-1 
14-1-3 NC 
84-1-1 NC 


Sequence 

Counter Magneli 




+ CC-10 (0-0 1/2) 

H . o56-13.-l 

t_oL4=t3 

T dS4= 


"^ . JL. ^-ilD-13 


















Sequenc 


e 


Counter Magnet 



DIVISION CYCLE 3 -continued- 



Pick \Jp Circuit 



}Jla.gnet 



Hold Circuit 



Circuit Diagram 



14-1-4 NC 

CC-55 

(12 1/2-13 2/3) 

Seq Ctr RO B-4 

56-11-10 



14-1-4 NC 

CC-56 

(12 1/2-13 2/3) 

Seq Ctr RO C-4 

56-11-11 



14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-4 

56-11-12 



14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-4 

56-12-1 



Intermediate In 
50-l,2,3-(12) 



First and Second 

Build Up 
45-l,..,5-(12) 



Second Build Up 
46-l,..,5-(12) 



Add-22 
32-l-(4) 



CC-43 (12-0) 
ABP-31-32-33 
50-3-11 



CC-43 (12-0) 
ABP-31-32-33 
45-5-11 



CC-43 (12-0) 
ABP-31-32-33 
46-5-11 



CC-43 (12-0) 
ABP-31-32-33 
32-1-4 



» JL4-l- 4 



T . CC-55 (12 1/2-13 2/3) 

0°1° 2°3°4 ?5°6°7°8V ^ 56-11-10 
pC . -4 ,3 (12-0) Seq Ctr RO B-4 ♦ . n^, ^-jm-43 



"ab^i232253- 



.c^0=2rll 



Intennediate In 
50-l,2,3-(12) 



±^JUcl-4 

t pC-56 (12 1/2-13 2/3) 

■ H . 



0°1°2°3°4 Y5°6°7°8°9° ^6-11 -11 
, CC-43 (12-0) Seq Ctr RO C-4 %. 

^^-^BF%3g3^ 33 " ^^" ^r ^ , 



<:_MD-42 
First and Second Build Up 
45-l,..,5-(12) 



4 ^-1- 4 

f .CC-57 (12 1/2-13 2/3) 

0°l°2°3°4 ?5°6°7°e°9° . ^6-11-12 

, CC-43 (12-0) Seq Ctr RO D-4 ♦ , , Q ^ ^■^JD-42 

" H . n n n 4^6-5- 11 Seconl Build Up 

^ ^* . I 46-l,..,5-(12) 



•I- ^-1- 4 

f .CC-57 (12 1/2-13 2/3) 

0°1°2^3°4 ?$°6°7V9° ^6-12 -1 
, CC-4 3 (12-0) Seq Ctr RO D-4 ♦ , n . ^-^0-35 

H ■ r>^-r> r> .32-1- 4 \^ Add-22 



ABPS53S^3 



32-l-(4) 



DIVISION CYCLE 4 

The DD is read from storage to the intermediate counter as in cycle 1, The entry of a nine into the 24th column of the intermediate counter 
(a negative DD) picks up the intermediate 24th column read-out control relay as in cycle 1. The second build up takes place as in multi- 
plication cycle 4; i.e., twice the DR is read fi-om the doubling moldings of MC-DR (1-2) to MC-DR (4-8) and (5); six times the DR is read 
from the doubling moldings of MC-DR (3-6) to MC-DR (7) and (9) . The MC-DR carry control and carry relays are picked up and the carry im^ 
pulse completes the second build up as in multiplication cycle 3. From two dial switches, 22-N (where the operating decimal point lies be- 
tween columns N and N + 1) is added into the Q-shift counter. The Q-shift carry control and carry relays are picked up and the carry im-cn 
pulse conqjletes the entry. The sequence counter is advanced to read-out position 5. In preparation for the next cycle, the intermediate® 



DIVISilON CYCIJ: It -continued- 
Invert control and intermediate invert, relays (as in multipli.cation cycle k) are picked up if DD is negative. The shift pick up, shift and 
DD in relays are picked up in order to read DD firom the inteimediate counter to the DD counter with its first significant digit in the 45th 
column of DD. 



o 

00 



Pick Up Circuit 



Magnet 



56 Divide 

SC20-1,2,3 Storage Counter Out 
50 Intermediate In 

Intfsrmedi^te Counter Magnets 
89 Intermediate 2i>th column RO Control 
71 Sign Control 02 

45 Firut and Second Build Up 

93 MC-DR Entry Control (4-8) 
MC-DR Counter Magnets (4-8) 
MC-DR Counter Magnets (5) 

46 Second Build Up 

MC-DR Counter Magnets (7) 

MC-DR Counter Magnets (9) 
26 MC-DR Carry Control 
49 MC-DR Carry 
32 Add--22 

Q-Shift Counter Magnets 
25 Q-Shift Carry Control 
28 Q-Shift Carry 

SeqTience Counter Magnet 

94 Intermediate Invert Control 
HD-1 Intermediate Invert 

35 ShU't Pick Up 

57 DD :[n 

36 Shift 



Magnet 



!?old Circuit 



I I ■ ■ I I I 



III 



111 



I I I ■ ■ I 



(Jlrcuit Diagram 



CC-1,..,9 
Add-;22 Switches 
86-1-1,2 NC 
32-1-1,2 



CC-4J+ (2-1 1/3) 
32-1-3 



Q-Shift Ctr 
Magnets 



Q-Shift Carry 

Control 
25-l-(4) 






Add-22 
Switches 



"^ 



.<22=:;b2 



* .col. l 



- MD-13 
Q-Shift Counter Magnets; 



CC.-46 (2-33 1/3) 

ABP-35 

25-1-4 



*,CC-Lk (2-1 1/3) 




TBPi^ 



^^.,.^^MD-35 

Q-Shift Carry Control 
25-l-(4) 



DIVISION CYCLE 2^ -continued- 



Pick Up Circuit 



CC-45 

(1/16 11-13) 

25-1-1 



14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-5 

56-12-4 



14-1-4 NC 

CC-55 

(12 1/2-13 2/3) 

Seq Ctr RO B-5 

56-12-2 

Intermediate 

Counter 
24th column 
2nd mldg to 

2nd raldgs O's 
24th column 
2nd mldg 9 to 

3rd mldgs 9's 



14-1-4 NC 

CC-56 

(12 1/2-13 2/3) 

Seq Ctr RO C-5 

56-12-3 



Magnet 



Q-Shift Carry 
28-l-(4) 



Intermediate 

Invert Control 
94-l-(4) 



Shift Pick Up 
35-l,..,46-(4) 



DD In 
57-l,2,3-(12) 



Hold Circuit 



CC-43 (12-0) 
ABP-31-32-33 
94-1-4 



CC-42 

(12-1/3 16) 
35-1,.., 46-4 



CC-43 (12-0) 
ABP-31-32-33 
57-3-11 



Circuit Diagram 



■f CC-45 (1/16 11-13) 



H 



25-1-1 



-.MD-35 



■''^■^^^""^^^ft Carry 
28-l-(4) 



+ 14-1- 4 

'~^ f , CC--57 (12 1/2-13 2/3) 
I I 



CP l°2°3%°5 W7°e°9° ^6-12- 4 
, CC-43 (12-0) Seq Ctr Wl^ 4 



Tir 

^ 

+ 14-1-4 

■" f .CC-55 (12 1/2-13 2/3) 



.94-1-4 



t. 



^MD-38 
Ktermediate Invert Control 
94-l-(4) 



'l°2°3V5t^ 



Intennediate Counter RO 

col. 24 col. 23 col, 2 col. 1 
2nd moldings 



Seq Ctr RO B^ 



7°8°9° ^56-12-2 



CC-42 (12-1/3 16) 
I I , 



^ 3^ 1^ 



o — o 

o ^5 

O 35-45-4] 35-3- 4 1 35-1- 4 
o " 



o 

O Shift Pick Up Relays 

O 3rd moldings 35-1, . . ,46-(4) 

^f 'if n 



J35-46-4 



feL-4 



te=2::4 



^ *~i ^ 



40 



+14-1-4 
'^ f .CC-56 (12 1/2-13 2/3) 



"*:h_ 



0°l°2°3''4° ^ '6°7°8°9° ,56-12 -3 
Seq Ctr ROi:^ ° T 



CC-43 (12-0) 

lBP^!g32i^3 ° ^ 



57-l,2,3-(12) 



o 



DIVISION CYCLE Jj. -contlnued- 



Pick Up Circuit 



CC-33 

(U-15 1/3) 
57-2-12 
35-(2n + l)-l 
35-(2n-l)-l NC 
35-(2n)-l NC 



Shift 

36-1,.., 39- 
(4, 6 or 12) 



Magnet 



Held Circuit 



CC-43 (12-0) 
ABP-.3I 
36-1-4,.., 
36-39-2 



Circuit Diagram 



■I- CG-33 (14-15 1/3) 35-46 

TFH, ^57-2-12 35-4^5=1. ^.X 




---Iffi-41 
3^-3y,38,39-(12,12,4) 



36-2-(4) 



36-l-(4) 

Shift 

36-l,..,39-(4,6 or 12) 



DIVISION C7CI£ 5 

Siirn control #1 is picked up if ttie iiTtennediate 24th column read-out control relay is up as in multiplication cycle 2. The poaitive abso- 
lute vS^rof the DD reads from the intermediate counter to i:he DD counter. The value of DD is read through the shift relay so that its 
Srst fi^if ican? Tl^ilvJZlrAo column 45 of the DD counter. The amount of the DD shift left is read into the Q-shift center. The Q- 
«Mft o«S^ Mr^uita are as in cytle 4, The sequence counter is advanced to read-out potdtion 6„ The intermediate reset relay is picked 
fxp TrS..m^n?rS pick VS e^^^^^^ cycle cou>ater is advanced to read-out position l.The MP-DIV control ^o^ r^^^? ^^ Pi<'^?^ 

up^rlvLuiig the se^enS couSter fi-om^dvancing when CC-10 makes and further, preventing the passage of impulses from CC-55, 56 and 57 
Si^Sthe^equence counter read.<«t. The compare control, compare in and colum n shift right r elays are picke d up. 



Magnet 



56 Divide 
89 Interned iate 24th column RO Control 

70 Sign Control #1 

71 Sign Control #2 
94 Intennediate Invert Control 
HD-1 Intermediate Invert 
36 Shift 

57 DD In 
DD Counter Magnets 
Q-Sh:Lft Counter Llagnets 

25 Q-Shift Carry Control 

28 Q-Sh;Lft Carry 
Sequence Counter Magnet 

52 Intejrmediate Reaet 
HD-4 In'^erraediate Reset 

13 MP-D:[V Control Pick Up 
Cycle Counter Magnet 

8 Compare Control 

14 MP-DIV Control Hold 
3 Compare In 

29 Coluinn Shift Right 




DIVISION CYCLE ^ -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagreim 



CC-1,..,9 
HD-1-1,..,10 NC 

if DD was > 
HD-1-1,..,10 NO 

if DD was < 
HD-4-l,..,9 NC 
Intermediate RO 
36-1-1,.., 

36-38-11 
57-1-1,.., 

57-2-11 

CC-1,..,9 
22-1-1,.., 10 NC 
36-1-2,3 or,..., 

36-35-11,12 
(see Relay List) 

CC-l^U (2-1 1/3) 
57-3-1 



CC-45 

(1/16 11-13) 

25-1-1 



14-1-4 NC 

CC-57 

(12 1/2-13 2/3) 

Seq Ctr RO D-6 

56-12-5 



CC-26 (2-1 1/3) 
57-3-4 



DD Counter 
Magnets 



Q-Shift Counter 
Magnets 



Q-Shift Carry 
Control 
25-l-(4) 



Q-Shift Carry 
28-l-(4) 



Intermediate 
Reset 
52-l,2,3-(12) 



MP-DIV Control 
Pick Up 
13-l-(6) 



CC-46 
(2-13 1/3) 
ABP-35 
25-1-4 



CC-43 (12-0) 
ABP-3 1-32-33 
52-3-11 



CC-47 (3 1/2-16) 
13-1-6 



•f CC-1. ...9 

H . oHD-l-l,..,10 

t rW-L- l. . . ,9 



o o o o o o^o o^o o 
12 3 4 5 6l2_0_ 



Intermediate Ctr RO 



36-1-1,.., 
.,^6=18-11 57-1-1, 
t . ^7-2-11 



^'^-'Wcounter* 
Magnets 



+ CC-1, ..,9 



T^ , ^ 22-1-1,.., 10 



36-1-2,3 or ,.. 



^^^ Q-Shift Counter Magnets 



+ CC-44 (2-1 1/3) 



rFT ■ ^7-3- 1 

CC-A6 (2-13 1/3) 4 . 
HH^ / ,25-1-4 



-O 0= 

ABP-55^ 



^-^- MD-35 
^■^"O-SKlft Carry Control 



25-l-(4) 



■i-.CC-^5 (1/16 11-13) 



"^■^^^"■Q^^ihift Carry 
28-l-(4) 



+14-1-4 

^^ y CC-57 (12 1/2-13 2/3) 

' ,H , 

0°lV3V5°6V8Vj6-12-5 
CC-L3 (12-0) Seq Ctr RO D-5 °" 



E 



4, CC-26 (2-1 1/3) 




^MD-43 
nterraediate Reset 
52-1,2, 3-(12) 



CC-47 



(3 1/2-16) 



.<^2=l-6 



- MD-34 



■^-^''liif^tnlr Control Pick Up 
13-l-(6) 



DIVISION CgCLE 5 -continued- 



Pick Up Circuit 



CC-80 

(1/16 12-9) 
7-1,.. .,9-2 m 
13-1-1 
CC-54 
(12-12 1/2) 

CC-80 

(1/16 12-9) 
7-1,.., 9-2 NC 
13-1-1 



69-2-1,2 NC 
13-1-3 
CC-58 

(14-15 1/3) 
13-1-2 



CC-40 

(1/16 15-9) 
13-1-4 
56-13-2 

8-1-3,4 



Magnet 



Cycle Counter 
Magnet 



Compare Control 
8-l-(4) 



MP-DIV Control 

Hold 
14-1-(12) 



69-2-1,2 NC 
13-1-3 
CC-5S 

(14-15 1/3) 
19-1-1 NC 
18-1-1 NC 
Cycle Ctr RO A-1 
56-9-1,.., 
56-10-11- 



Compare In 

3-l,..,24-(12) 

3-25-(4) 



Column Shift 

Right 
29-34,35,36- 

(12,12,6) 



Hold Circuit 



12-1,2-2 NC 

or 

CC-32 (8 1/2-2) 

and 

14-1-11 



CC-39 

(1/3 15-12) 

3-24-11 

3-25-1,2 



IN9 



Circuit Diagram 



CC-36 (12-0) 

ABP-27 

29-36-6 



+ CC-80 (1/16 12-9) 

"^h: 



7-1,.. ,9-2 



T 



13-1--1 
-° a" CC-54 (12-12 1/2) 

"^^ ^^^■''Cycle Counter Magnet 



+ CC-80 (1/16 12-9) 

"^EL J=i4i.,9-2 



'■■^'Compare Control 
8-l-(4) 



+ ^9-2-1 

69-fal 
0- 



13-1-3 



I L 



CC-58 (14-15 1/3) 



13-1-2 



112-2-2 
CC-32 (8 l/ggJT 

:bl - 



t.. 



- MD-34 



14-1-11 



'•^^^"W-^ Control Hold 
14-1-(12) 



+ CC-40 (1/16 15-9) 

.j=i o ^6-13 -2 

CC-39 (1/3 15-12) ^ .8-1-3 




^3MD-33 
-1,..,24-(12) Compare In 

-;MD-38 
;-25-(4) 



4 _69-2-l 
>9-t 



J69- 



J 



13-1-3 

— o — 



7 . CC-58 (U-15 1/3) 



FT.qIW 



CC-36 (12-0) 
"ABPSST" 



29-36-6 



18-1-1 



0°f2°3' 



f7^t^7^ff_f 



56-9-1,.., 
6-10-11 



Cycle Ctr RO A-1 



Column 

Shift Right 
- MD-35 
2^-331,35.36- 
(12,12,6) 



DIVISION CYCLE 6 



The intermediate counter resets as in cycle 3. Sign control #1 drops out. If a nine stood in the 24th column of the intermediate counter 
a nine is read into the 47th column of the PQ counter as in multiplication cycle 3. The DD and DR read into the DD and DR compare relays* 
The c(»npari8on is made and the appropriate ovex^>under relays picked up. The over-under relay permits the appropriate Q control relay to be 
energized nhich picks up the proper times right relay. The column shift right and MC-DR invert relays are picked up in order to subtract 
the DR multiple during the next cycle. 



Pick Up Circuit 



Magnet 



56 Divide 

70 Sign Control #1 

71 Sign Control #2 

PQ 47th column Counter Magnet 
52 Intermediate Reset 
HD-5 Intermediate Reset 

Intermediate Counter Magnets 
14 MP-DIV Control Hold 
3 Compare In 
29 Column Shift Right 

6 DD Compare 
2 DR Compare 
1 Over-Under 

7 Q Control 

5 Times Right 
29 Column Shift Right 
HD-2 MC-DR Invert 



Magnet 



Hold Circuit 







EI 



EI 




Circuit Diagram 



CC-1,..,9 
HD-3-l,..,10 NC 
HD-6-l,..,9 NC 
DD RO 
3-21-1,.., 

3-24-9 
56-3-1,.., 

56-6-9 
29-34-1,.., 

29-35-11 
3-19-1,.., 

3-20-11 



DD Compare 
6-l,..,24-(12) 



CC-28 (9-12) 
ABP-24 
6-1,.., 24-12 



+ CC-1, ..,9 



H 



HD-3-l,..,10 



T 



HD-6-l,..,9 



T 



0°1°:^3°4°5?6°7°8°9^ 



DD RO 



3-21-1,.., 
.<2=24r9 



56-3-1,.., 
^6-6- 9 



CC-26 (9-12) 
' LJ 



29-34-1,.., 
,29-35 -11 3-19-1,.., 

r ^ -20-11 

6-1,. . ,24-12 



■^ 



- MD-34 



DD Compare 
6-l,..,24-(l2) 



DIVISION CYCLE 6 -continued- 



Pick Up Circuit 



CC-1,..,9 
HD-2"1,..,10 NC 
HD-5-.l,..,9NC 
MC-DR RO 
3-1-1,.., 
3-18-12 



CC-a^ A,B,C,D 
ABP-25,26 
6-1,.., 24- 

1, ..,9 
2-1,,., 216-1 NC 
2-1,.., 216-2 



CC-37 

(ll-]./4 12) 
3-24--10,12 
1-1, .,.,432-1 



Magnet 



DR Compare 
2-l,..,2l6-(4) 



OveivUnder 
l-l,..,423-(4) 



Q Control 
7-l,..,9-(4) 



Hold Circuit 



CC..27 (9-12) ' 
ABP-23 
2-1,.., 120-4 

CC.-28 (9-12) 
ABP-24 
2-:L21,.., 216-4 



CC..34 (9-12) 
ABl'-20 
1-1,.., 235-3 

CC..35 (9-12) 
ABP-21 
1-236,.., i,23-3 



CC--38 (11 1/2-9) 
7-].-3 



Circuit Diagram 



+ CC-1. .,..9 

~"~H „HD-2-l...,10 



flD-5- 1....9 



CC-27 (9-12) 

fiq=^ (9-12) 

;<fc — 



^0,0 „o^o . o _o /O ^o ^o„o 



0"l"2"3"4"5"6 Y7"8°9" J ll8-12' ' 
MC-DR RO t ^ 



.QS^ ( 



1___o2=lx.., 120-4 



,j^^^MD-14,..,22 
^^^DR Compare 

2-l,..,2l6-(4) 



ABP^24 



o2-121 ...'.2l6^ 2-1, . . ,120~(4) 



2-1^., 216-1 

+ c^ A,B,c,D 6-1.. . , 24-1,. .>9r "r.._ 

ri ■ r > r ^ - * 2— ]l, « . ,216— 2 

ABpS^^^^r r . r - \ , 

(9-12) 

ca^iLl-»235-3 



C=35 '(9-12) "liP^ 



ABP-21 



Jd?26,.., 423-3 



CC-37 (11-1/4 12) 
3-24-10 



1-46-1 
-2/te' 



X2& 



CC-38 (11 1/2-9) 

rn ., 



J-l-3 



-<SiA. 



2-121,.., 216-(4) 



^J^ l-(2n-l)-(4) 
DD Under 
l-(2n)-(4) 



■^Jb 



-^ 



l-l,..,235-(4) 
1-236,.., 423-(4) 



1 


-1-45-1 


"^ T 


1-44-1 


1-43-1 




^^n 


1-2-1 


<^-" 



^ 7-l-(4) 



DIVISION CYCLE 6 -continued- 



Pick Dp Circuit 



CC-31 (12 1/2-9) 
7-1,.., 9-1 



69-2-1,2 NC 
14-1-1 
CC-58 

(U-15 1/3) 
19-1-1 NC 
18-1-1 NC 
Cycle Ctr RO A-1 
56-9-1,.., 
56-10-11 



CC-40 

(1/16 15-9) 
U-1-2 
56-13-2 
8-1-3,4 NC 



Magnet 



Times Ri^t 
5-1,.., 27- 
(12,12,4) 



Column Shift 

Right 
29-34,35,36- 

(12,12,6) 



MC-DR Invert 
HD-2-(12) 



Hold Circuit 



CC-36 (12-0) 

ABP-27 

5-3IV-4 



CC-36 (12-0) 

ABP-27 

29-36-6 



CC-39 

(1/3 15-12) 
HD-2-(12) 



Circuit Diagram 



4 CC-31 (12 1/2-9) 



FT . J-l ,. .,9-l 



CC-36 (12-0) 



ABPi57 



"TlmesRight 
5-l,..,27-(l2,12,4) 



±,^1 



0=^ 



.<^4=lrl 

t . CC- 58 (14-15 1/3) 

n=r . r;'-9-i- i 



QC^ (12-0) 



0°1°2°3°4°5' 



Wjl 



ABP-27 



.,^2=26-6 



« « « 56-9-1,.., 
°8°9° ^ 6-10-11 
Cycle Ctr RO A-1 



a 



+ CC'LO (1/16 15-9) 

♦ J6-13-2 



CC-39 (1/3 15-12) 

n=r, j n)-2-i2 




P^^MC-DR Invert 
HD-2-(12) 



<Offl)-35 
Column Shift 
Right 

29-34,35,36 
(12,12,6) 



DIVISION CYCIE 7 

The selected DR multiple is subtracted from DD (the elusive one substitutes for the end around carry) . The first digit of the quotient is 
added into PQ. The cycle ecunter is advanced. The compare control, compare in and column shift left relays are picked up. 



DKISION C YCLE 2 -continued- 



Magnet 



Pick Up Circuit 



CC-1,..,9 
HD-2-l,..,10 
HD-5-l,..,9 NC 

uc-m RO 
5-n-L,.., 

5-2n-12 
3-19-1 NC,.., 

3-20-12 NC 
29-34-1,.., 

29-35-12 
56-3-1,.., 

56-6-9 
3-21-1 NC,.., 

3-24-9 NC 

CC-44 (2-1 1/3) 

5-3n.-l 

56-13-4 



CC-/,.5 

(1/16 11-13) 

27-1-1 



DD Counter 
Magnets 



56 Divide 

71 Sign Control #2 

14 JiP-DIV Control Hold 

HD-2 MC-DR Invert 

5 Times Right 
29 Coliunn Shift Right 
DD Counter Magnets 
27 DD Carry Control 
61 DD Carr:^ 
60 Elusive One 

PQ Counter Magnets 

8 Com]3are Control 
Cycle Counter Magnet 

3 Com]3are In 
21 Coluinn Shift Left 



L'agnet 



DD Carry 

Control 
27-l-(4) 



DD Carry 
61-1,..,4-(12) 



Hold Circuit 



CC-46 (2-13 1/3) 

AEP-35 

27-1-4 



Circuit Diagram 



+ CC-1. ...9 



t o HD-5- l...,9 

I m 



0°f2°3\°5' 



7°e°f 



5-n-l,., 
..5-2n.-12 



MC-DR RO 



3-19-1,. 
,3-20- 12 



29-34-1,.., 

^29-35-12 



3 



+ CC-44 (2-1 1/3) 
"S: .<^r3n-l 



CC-46 (2-13 1/3) 
+ CC-45 (1/16 11-13) 



f 56-13 -4 



_27-l-4 



56-3-1,.., 
^6-6-9 3-21-1, . 



^_^^MD-35 
DD Carry Control 
27-1- (4) 



DD-Counter 

Magnets 
- MD-9,10 



h:^. 



27-1-1 



^j)^^..-.MD-45 



__ Carry 
61-1,..,4-(12) 



DIVISION CYCLE 2 -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



CC-44 (2-1 1/3) 
5-3n-l 
56-13-3 
29-3n-l or 
21-3n-l 



CC-12 

(12-12 1/2) 

Carry BP 

DD Carry- 
Contacts 

61-1-1,.., 
61-4-9 

60-1-1 

60-2-1,2,,, 
60-23-1,2 



CC-1,..,9 
5-3n-2 
21-3n-2 or 

29-3n-2 
56-7-1,.., 

56-8-11 



Elusive One 
60-l,..,23-(4) 



CC-46 (2-13 1/3) 
ABP-35 
60-1,.., 23-4 



DD Counter 
Magnets 



PQ Counter 
Magnets 



^• CC ,-A 4 (2-1 1/3) 

» ^6-13 -3 21-3n-l or 
2^ (2-13 1/3) ^~t c ^9-3n ^l 

rT . \ o 06O-I, . . ,23-4 "^^ ■ 



■t- CC-12 (12-12 1/2) 
i=i-. = 0= 



CarrjrBP 



-45 

Elusive One 
60-l,..,23-(4) 



DD Carry- 
Contacts 
col. 1 9 
10 



jSl-1-1 



col. 2 9 
10 



col. 22 9 
10 



col. 23 9 
10 



col. 24 9 
10 



col. 44 9 
10 



61-2-11 



i ^1-2-12 



Jk±r^ 



.,^i=4r9 



•I- CC-1,. .,9 
' H . ^ -3n^2 21-3tt-2 or 

♦ a29-3n-2 56-7-1,.., 

* .56-8- U 



_60-2-2 



i.O-23-2 



«-2 



i.O-22-1 



^0-23 -1 



■^^^sreis 



- MD-12 

center Magnets 



DD Counter 
Magnets 



« c? — r "=■ 

jSO-fcn ^^ col, 1 



, 61-1-2 t 



-.JL. 



■-JI/ 



col. 2 



col. 22 



col. 23 



1 JLi -"^9 

C0I.24 



..iU 



col«44 



,JU-sU^^° 



col«45 



Pick Up Circuit 



CC-80 

(1/16 12-9) 
7-1,.., 9-2 NC 
U-1-5 



CC-40 

(1/16 15-9) 
U-1-2 
56-13-2 
8-1-3,4 



69-2-1,2 NC 
14-1-1 
CC-58 

(14-15 1/3) 
19-1-1 NC 
18-1-1 NC 
Cycle Ctr RO A-2 
56-9-1,.., 
56-10-12 



Magnet 



Compare Control 
8-l-(4) 



Compare In 

3-l,..,24-(12) 

3-25-(4) 



Column Shift 

Left 
21-31,32,33- 

(12,12,6) 



IBold Circuit 



CC-39 

(l,/3 15-12.) 

3-24-11 

3-25-1,2 



CC-36 (12-0) 

ABP-27 

21-33-6 



orris ION C YCLK 2 -continued- 



Circuit Diagram 



±JiQ=m (1/16 12-9) 



SC=^ I 



_... (^iL=J>|J • , " 



9-2 



-<^icl:-5 



t^ ..iL— ^-vZ,*®-3^ 

Compare Control 

8-l-(4) 



(1/16 15-9) 

.___ol'4=iLr2 




±Jia=^i 



t .CC-5e (14-15 1/3) 



3.MD-33 
Compare In 
3-l,..,24-(12) 

3-25-(4) 






CC-36 (12-0) 



ABP-27 



.,^1=23-6 



0°1°2*='3°4° 
Cycle Ctr RO A-2 



It 



/0_0-0_0 

6 7 8 9 



56-9-1,.., 
_^6-10-12 



- MD-35 



Column Shift Left 
21-31,32,33-(12,12,6) 



DIVISI ON cycij: 8 

This cycle duplicates the co^^)ar€t opsratione of cycle 6. During the latter part of the cycle, column shift left and times right relays are 
pickisd up in preparation for the neXt cycle. 



DIVISION CYCLE 8 -continued- 



I-Iagnet 


9 9 


56 Divide 

71 Sign Control #2 
14 MP-DIV Control Hold 
3 Compare In 
21 Column Shift Left 

6 DD Compare 
2 DR Compare 
1 Over Under 

7 Q Control 

5 Times Right 
21 Column Shift Left 
HD-2 MC-DR Invert 
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DIVISION CYCLE 9 

This cycle duplicates the subtract operations of cycle 7 and the entry into the PQ counter, except for the interchange of right and left on 
the column shift relays. 



Magnet 


9 9 


56 Divide 

71 Sign Control #2 

14 MP-DIV Control Hold 

HD-2 MC-DR Invert 

5 Times Right 
21 Column Shift Left 

DD Counter Magnets 
27 DD Carry Control 
61 DD Carry 
60 Elusive One 

PQ Counter Itognets 
Cycle Counter Magnet 

8 Compare Control 

3 Compare In 
29 Column Shift Right 
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DIVISION CYCLE 10 

The alternate compare and subtract cycles continue as in cycles 8 and 9. When the cycle counter reaches read-out position 9, the E relay is 
picked up* 



to 



DIVISION CYCIi! 10 -cont 


ir 


lue 


(d- 




























Magnet 


9 9 


56 Divide 

71 Sign Control #2 
14 MP-DIV Control Hold 
3 Compare In 
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F= 
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29 Column Shift Right 
6 DD Corajpare 
2 DR Compare 
"* Over"-U'rjder 


CEkkkk 


fe: 


r 




E 
■ 


■ 


C 


E 

1 


[ 

■ 


E 

1 


EEE 
III 




7 Q-Control 
5 Times :Right 












1 






■ 


■ 


■ 






— 


— 


29 Column Shift Right 
HD-2 MC-DR Invert 
17 E 




■ 


■ 

r 


1 






_ 



(J 

o 



Pick tfp Circuit 



69-2-1,2 NC 
14-1-1 
CC-58 

(U-lf> 1/3) 
19-1-1 NC 
18-1-]L NC 
Cycle Ctr 9's 
Carry Contact 



E Relay 
17-l-(4) 



Magnet 



Hold Circuit 



CC-36 (12-0) 

ABP--27 

17-3L-4 



Cdrcuit Diagram 



+69-2-1 



tl 



14-1-1 
"° r . CC-se (14-15 1/3) 



L8::l-1 Cycle Ctr 9's 
T Car ry Contact 
"91 . 



,c q-36 (12-0) 



105 



~ MD-34 



a: 



jfflF^T 



_^:l-4 



^JLi 



l7-l-(4) 



DIVISION CYC IE 11 

This is a normal subtract cycle. If the E relay «as picked up on the previous cycle, the F relay is now energized, whether °^ JJ^* ^Jj 
pre^ous cyclTwas a "no-g^, by raeans of the E relay and the F cont,rol relay. If the division has proceeded as far ^« *^« J^T^^f ^^^ 
?igSrelSy 29-7,8, 9-(12,12,^), shifting the DR to subtract from columns 4-27 of DD, the G relay is picked up altering the read-out molding 
of the cycle counter to molding C,, since thia counter has reached road-out position 19. 



DIVISION CYCLE 11 -continued- 



Magnet 



56 Divide 

71 Sign Control #2 

14 MP-DIV Control Hold 

HD-2 MC-DR Invert 

5 Times Right 
29 Column Shift Right 

DD Counter Magnete 
27 DD Carry Control 
61 DD Carry 
60 Elusive One 

PQ Counter I5agnets 

64 F Control 

65 G Control 

17 E 

18 F 

19 G 

8 Compare Control 

Cycle Counter Magnet 
3 Compare In 
21 Column Shift Left 




Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



CC-44 (2-1 1/3) 
17-1-2 



CC-44 (2-1 1/3) 
29-9(2)-l 



69-2-1,2 NC 

U-1-1 

CC-79 (6-5 V3) 

HD-2-11 

17-1-1 or 

CC-31 (12 3/2-9) 

8-1-1 

63-1-1 

64-1-1 



F Control 
64-l-(4) 



G Control 
65-l-(4) 



F Relay 
18-l-(4) 



CC-46 (2-13 1/3) 

ABP-35 

64-1-4 



CC-46 (2-13 1/3) 

ABP-35 

65-1-4 



12-1,2-2 NC or 
CC-32 (8 1/2-2) 
and 
18-1-4 



» CC-44 (2-1 1/3) 



^ 



-c^MrS 



CC-46 (2-13 1/3) 



H 



4>i 



■64-1-4 



ABPig5 t. 

f .CC-44 (2-1 1/3) 



h: 



.c^2=2i.2)-i 



CC-46 (2-13 1/3) 



.- MD-35 
F CorrE*rol 
64-l-(4) 



^ID-35 
"G'ConCrol 
65-l-(4) 



4 69-2- 1.2 



CC-31 (J2 1/2-9) 
^TT „ n ^-l-l 
12-1, ; ^-2 



„U-1- 1 

.CC-79 (6-5 V3) 



1. 



,63-1-1 



^IH. 



jiD-2-l l 



CC-32 (^ 1/2-2) 



64-1-1 



.17-1-1 



18-1-4 



^ 18-l-(4) 



DIVISION CYCLE. 11 -continued- 



Pick Up Circuit 



69-2-1,2 NC 

14-1-1 

CC-60 (6-5 1/3) 

HD-2-11 

56-13-6 

29-9-4 

or 

CC-31 (12 1/2-9) 

S-1-1 

63-1-1 

65-1-1 



G Relay 
19-l-(4) 



Magnet 



12-1,2-2 NC or 
CC-32 (8 1/2-2) 
and 
19-1-4 



Hold Circuit 



Circuit Diagram 



+<^2=2-l 



-14-1- 1 

♦ .CC-60 (6-5 1/3) 




DIVISION CYCIE 12 



This cycle, a compare cycle, shows the pick iip of the "no-go" relay if the remainder standing in DD is less than all DR multiples for a 
particular columnar position. Since the Q control relay is not picked up, the cycle counter is advanced and the cycle terminates by pick- 
ing up the relays preliminary to another conpare cycle* 



Pick Up Circuit 



CC— ''17 

(11-1/4 12'-) 
3»2i^-10,12 



Magnet 



56 Dividti 

71 Sign ContTOl #2 

14 llP-DI\r Control Hold 

3 Compai'e In 
21 Column Shift Left. 

6 DD Corapare 

2 DR Coripare 
63 No-Go 

18 F 

19 G 

Cycle Counter Magnet 
8 Compare Control 

3 Compaire In 

29 Column Shift Ri^it 



Magnet 



No-Go 
63-l-(4) 



Hold Circuit 



CC-38 (11 1/2-9) 
63-1-4 



Circuit Diagram 



+ CC-37 (11-1/4 12) 



<^=2ii-10 



t_ 



CC-3& (11 1/2-9) J3-24- 12 ■ 

t ^ 



i 63-l-(4) 



DIVISION CYCLE 13 

In this cycle division has been carried sufficiently far to arrive at the place limitation plugging and energize the "9" relay preliminary 
to terminating the division. It is a compare cycle similar to all other compare cycles. 





Magnet 


9 9 






56 Divide 

71 Sign Control #2 

14 MP-DIV Control Hold 

18 F 

19 G 

3 Compare In 
29 Column Shift Right 

6 DD Compare 
2 DR Compare 
1 Over-Under 

7 Q-Control 

5 Times Right 
29 Column Shift Right 
HD-2 MC-DR Invert 

o It on 
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Pick Up Circuit 


U&gnet 


Hold Circuit 


Circuit Diagram 


CC-44 (2-1 1/3) 
56-13-5 
29-3n-3 or 
21-3n-3 
Plug Wire 


"9" Relay 
9-l-(4) 


CC-48 (2-4) 
9-1-J^ 


+ CC-44 (2-1 1/3) 






H , o56-13-5 29-3n-3 or 

t . „21-3n-3 Plug 


CC-48 (2-4) t 


—^-<P^ 


D ,-r MD-34 1 




±\ . o9-l-4 


n 9-1. 


Relay 
-(4) 






















1 



DIVISION CYCLE 14 

The subtraction from DD and the entry of the digit of the quotient into the PQ counter are completed as in all subtract cycles. The "9" 
relay permits the energissing of the A relay and the B relay also if the 47th column of PQ stands at 9. The energized A relay permits the 
sequence mechanism to read setting up the sequence relays and in turn the storage counter in and repeat relays. Energizing of the A relay 
will cause the MP-DIV control relay to drop out. This prevents further advance of the cycle counter and permits the sequence counter to 
advance io read-out position ?• In preparation for the next cycle, under control of the sequence counter, the sequence counter reset, the 
MC-DR reset, the Q-shift and the H relays are picked up. If the B relay is energized (a nine in the 47th column of PQ) the DD-PQ invert 
relay is picked up. The MC-DR entry control (1-2), (3-6) and (4-8) relays are picked up under control of the liC-DR reset relay as in 
multiplication cycle 9* 



Pick Up Clroult 



69-2-1,2 NC 

CC-60 (6-5 1/3) 
9-1-1 



DIVISION CYCLE 2^ -contimed- 



CJI 



Uagnet 



56 Divide 

71 Sign conti'ol #2 

14 MP-DI7 Control Hold 

18 F 

19 G 

HD-2 UC-DR Invert 

5 Times Right 
29 Column Shift Right 

DD Countei' Magnets 
27 DD Carry (!ontrol 
61 DD Carry 
60 Elusive One 

PQ Countei* Magnets 

O II OH 

12 A 

16 B 

Seq-31 Control 

Seq-B-6-1 

Seq-B-4-1,2 

Seq-C-7-1 

Seq-27 Repeal; 

Sequence Counter Magnet 
SC40-4,5,6 Sliorage Counter In 
48 Sequence Counter Reset 
47 MC-DR Res<»t 
HD-5 UC-riR Reset 

91 MC-DR Entity Control (1-2) 

92 MC-DR Entiry Control (3-6) 

93 MC-DR EntJT Control (4-8) 
33 Q Shilt 

20 H 

HD-3 DD-IKJ Iimrert 



III 



III 



Magnet 



A Relay 
12-1, 2-(4) 



CC-29 (6-8) 
12-1-4 



Hold Circuit 




Circuit Diagram 



^9-2-2 1 t 



-1-1 



.CC-60 (6-5 V3) 



CC-29 (6-8) 



hL 



_<i2^-4 



A Relay 
12-l-(4) 

^MD-35 
i2-2-(4) 



DIVISIOW CYCLE 1^ -continued- 



Pick Up Circuit 



Magnet 



Hold Circuit 



Circuit Diagram 



69-2-1,2 NC 

14-1-1 

CC-60 (6-5 1/3) 

9-1-1 

PQ 47th column 

9' 8 Carry 

Contact 



14-1-^ NC 

CC-55 

(12 1/2-13 2/3) 

Seq Ctr RO B-7 

56-12-6 



14-1-4 NC 

CC-56 

(12 1/2-13 2/3) 

Seq Ctr RO C-7 

56-12-7 



14-1-4 NC 

CC-56 

(12 1/2-13 2/3) 

Seq Ctr RO C-7 

56-12-7 

CC-63 (12-0) 



CC-33 

(14-15 1/3) 
48-1-S 

56-13-9 
Q-Shift Ctr RO 



B Relay 
l6-l-(4) 



CC-29 (6-8) 
16-1-4 



Sequence Counter 

Reset 
48-l-(12) 



UC-DR Reset 
47-l,..,13-(12) 



UC-DR Reset 
HD-5-(12) 



Q-Shift 
33-1,.., 80- 
(4,6 or 12) 



CC-43 (12-0) 
ABP-31-32-33 
48-1-6 



CC-43 (12-0) 
ABP-31-32-33 
47-13-10,11,12 



CC-43 (12-0) 
ABP-31-32-33 
47-13-10,U,12 
CC-63 (12-0) 



CC-43 (12-0) 

ABP-31 

33-2n-12 



» j69^2- l 
[69-2-; 



ei 



.14-1-1 



f CC-60 (6-5 1/3) 



h:^ 



9-1-1 PQ 47th column 



CC-29 (6-8) 
n=r. c^6'l-4 



» 9*8 C arry Contact 

l6-l-(4) 



Wj 



+.Jl4-l-J^ 

T CC-55 (12 1/2-13 2/3) 

0°l°2p3V5°6^7t8°?°_J6-12-6 
CC-43 (12-0) Seq Ctr RO B-7^ T 



* LJ 



48-1-5""^ 



^-_MD-42 
Sequence Counter Reset 
48-l-(12) 



4-14-1-4 

~~^ f CC-56 (12 1/2-13 2/3) 

H . 



CPl°2°3°4°^g'7 ^8°9° ^6-12 -7 
CC-43 (12-0) Seq Ctr RO C-7^ 



HI. 



5[Bl€53252S55 

»JL4-l- 4 

T CC-56 (12 1/2-13 2/3) 

— n=T 



^7-13-10,11,12 



r^-ns^r^ 



Reset 
47-l,..,13-(12) 



0°l°2°3°4°5°6°7?8°9V56^-7 
CC-43 (12-0) Seq Ctr RO C-7^ ^ ? CC-63 (12-0) 



m 



is^!?B^S^ 



* CC-33 (14-15 1/3) 



^7-13- 10,11,12 



^ 



■"^^^-'TEJ^SSf'Resot 
HD-5-(12) 



t , 

CC-43 (12-0) 



\HL 



0°l°2°3V5°^7?8°9' 



1S^ 



^3-2n -12 Q-Shift Ctr RO 

t . 



- UD-38 



33-l,..,80-(4,6 or 12) 



en 
en 



DIVISION CYCIE IZi -continued- 



Pick Up Circuit 



CC~33 

(14-15 1/3) 
48-1-8 
56-13-8 



Magnet 



H Relay 
20-l-(4) 



P;old Circuit 



CC-43 (12-0) 
20-1-4 



Circuit Diagram 



4 CC-33 (14-15 1/3) 
^"1-8 

°~~"i < 



CC-43 (12-0) 



56-13-8 



20-1-4 



20~l-(4) 



D IVISION CYCLE 15 

The quotient reads from the PQ countei* to storage through th« Q-shift relay, except for column 47 which read through the H relajr. The stor- 
age counter carry is completed. The »equence counter, cycle counter, 47th column of the PQ counter and MC-DR counters reset. The repeat 
relay permits the pick up of the fitari; relay. The calculator continues in operation. 



Uagnet 



HD-3 DD-PQ Invert 
SC40-4,5,6 Storage Counter In 
33 Q Siiift 
20 H 

Storage Counter Magnets 
SC40-9 Storage Counter Carry Control 
SC40-7,8 Storage Counter Carry 
12 A 
16 B 
48 Sequence Counter Reset 

Sequence Counter ISagnet 

PQ i^7th column Counter Magnet 

Cycle Counter Magnet 
47 MC-DR Reset 
HD-5 MC-DR Reset 

91 MC-DR Entry Control (1-2) 
MC-DR Counter Magnets (1-2) 

92 MC-DR Entry Control (3-6) 
MC-DR Counter Itognets (3-6) 

93 MC-DR Entry Control (4-8) 
MC-DR Counter Magnets (4-8) 
MC-DR Counter Magnets (5) 
MC-DR Counter Magnets (7) 



MC-DR Counter Magnets 
Seq-27 Repeat 
Seq-33 Start 
Seq-31 Control 
Seq Re3.ays 



(9) 







■ I 



III 



■ I 



i I 




1 1 



1 1 



I ■ 



1 1 



DIVISIOW CYC^ 15 -continued- 



Pick Up Circuit 



liagnet 



CC-1,..,9 
HD-3-l,..,9 NC 
HDL.3-10 

HD-6-1,.,,9 NC 
PQ Counter RO 
33-1-1,.., 

33-80-11 
Buss 
SC40-4-1,.., 

SC40-5-11 

CC-9 (9-9 1/2) 

HD-3-10 

Col. 46 zerx) 

Col. 47 zero or 8 

HD-3-11 

20-1-1 

Buss 

SC40-5-12 



CC-2 (2-2 1/2) 
71-1-3 NC 
PQ 47th coliunn 
8 spot RO 
20-1-2 

CC-1 (1-1 1/2) 

71-1-2 NC 

PQ 47th column 

spot RO 
20-1-2 



Storage Counter 
Magnet (cols. 
1-23) 



Read 9 from 47th 
col. of PQ to 
24th col. of 
storage counter 



PQ 47th colunm 
Counter Magnet 



Hold Circuit 



Circuit Diagram 



■>> CC-1, ...9 

^ ~TT ' HD-3-l ,..,9 

^' — »- HD-6-l,..,9 



.HD-j- 10° t 



VlV3°4 ^^6°7°8°9° Jl^ ii'* 



PQ Counter RO 



^-Bdfe^^ 



SC40-J^-1,.., 
SC40-5-11 



- F-14 



Storage Counter Magnet 
columns 1-23 



•'•.CC-9 (9-9 V2) 



HI>-6-l 



p-hn^ — I 



col 



.46 r~0'5°l°6°2P7°3°8°4° 

HD-?-ll 



I 



J__ ^ Storage Counter 

TTTTrm :i oiOdrl Magnet col.24 

""■^"^f y ^l°6°2V3^8V9^ ? r . _ o . -SC40-5-12 



- F-14 



4 CC-2 (2-2 1/2) 

FT . 71-1 -3 



CC-1 (1-1 1/2) 



1 



Hl_ ■ 7rf-2 



■^-1 



0°5**l°6°2°7°3°8?4°9f 
PQ 47th column 



20-1-2 



- MD-a2 



'"^■n'Q47lh Column 
Counter Magnets 



Relay 

1-:L,..,423-(4) D 
Over Under 
D-6 



2-l,..,2l6-(4) D 
DR Compare 
D-6 



Rem 



1,..,9 



1,...,9 



3-l,..,18-(12) S 
3-19,..,2^-<12) S 
3-25-(4) S 
Compare In 
D-5 



4-l,..,27-(12,12,4) S 
Tjjnes Left 
M-5 



5-l,..,27-(12,12,4) S 
TJunea Right 

D-6 



1,..,9 
19 
21 



1,..,9 



1,..,9 



Contact 

1-1,.,, 46-1 

l-47-(4) 

2 ^ k ~: 9 

l-(47k-46),..,(47k)-l 

1 ^ i ss; 423 

l-i-3 

2-2,. n., 23-1 NC 
2-1, .n. .23-2 
2-24-(4) 

2£: k £s9 

2-(24k-22) , .n. , (24k)-l NC 
2-(24k-23),.n.,(24k)-2 
l^i ^216 
2-1-4 

3-1-1,.., 3-2-11 
2Sk s£9 

3-(2k-l)-l,..,3-(2k)-lE 
3-19-1,.., 3-20-12 
3-19-1,.., 3-20-12 NC 
3-19-1,.., 3-20-12 NC 
3-21-1,.., 3-24-9 
3-21-1.,.., 3-24-9 NC 
3-21-1,.., 3-24-9 NC 
3-24-10,12 

3-24-llj 3-25-1,2 

4-1-1,.., 4-2-11 
4-(3k-2)-l, . . ,4-(3k-l)-12 
4-3k-l 
4-3k-4 

5-1-1,.., 5-2-11 

5-(3k-2)-l, . .,5-(3k-l)-12 

5-3k-l 



5-3k-2 
5-3k-4 



Cycle 
D-6 

D-6 

D-6 

D-6 
D-6 



D-6 
D-6 

D-6 

D-6 

D-6 

D-6 

11-6 

D-7 

D-6 

M-6 

D-6 

D-6 

D-12 

D-5 

U-6 
M-6 
U-6 
M-5 

U-6 

D-6 
M-6 
D-6 
u-6 

D-7 

D-7 
M-5 

D-6 



Function 

PU of Q-Control 7-1- (4) 
Does not exist 

PU of Q-Control 7-k-(4) 

Hold 

PU of Over Under l-2,.(2n-2).,44-(4) 
PU of Over Under l-2,.(2n-l).,45-(4) 
Does not exj.st 

PU of Over Under l-(47k-45),.(2n-k-l).,(47k-l)-(4) 
PU of Over Under l-(47k-46),.(2n-k).,(47k)-(4) 

Hold 

PU of DR Corapare 2-l,..,23-(4) 

PU of DR Compare 2-(24k-23),...24k-(4) 
PU of DD Compare 6-1,. .,24-(12) 
Control read-in to FQ ctr magnets 
Control read-in to DD ctr magnets 
PU of DD Compare 6-l,..,24-(l2) 
Control read-in to DD ctr magnets 
Control read-in to DD ctr magnets 
PU of Q-Conirol 7-l,,..,9-(4) 
PU of No-GO 63-l-(4) 
Hold 

Control MC-DR times 1 RO to DD ctr magnets 
Control MC-DR times k RO to DD ctr magnets 
PU of DD Carry Control 27-l-(4) 
Hold 

Control MC-DR times 1 RO to PQ ctr magnets 
Control MC-DR times 1 RO to DD ctr magnets 
Control MC-DR times k RO to PQ ctr magnets 

PU of PQ Cajrry Control 24-l-(4) 
PU of DD Carry Contirol 27-l-(4) 
PU of Elusive One 60-1, . . ,23-(4) 
Controls Q Entry into PQ ctr 
Hold 



VI 
00 



Relay 

6-l,..,24-(12) D 
DD Compare 
D-6 



7-l,..,9-(4) D 
Q-Control 
D-6 



8-l-(4) S 
Compare Control 
D-5 

9-l-(4) D 

"9" Relay 

D-13 

10-l-(4) S 
LE 



L-l-(6) 
L-2-(4) 



ll-l-(6) 
11- 
LP 



12-l,2-(4) S 
A 

M-10 
D-14 



13-l-(6) S 

MP-DIV Control Pick-Up 

M-5 

D-5 



Row 



10 



10 



10 



10 



10 



10 



10,11 



10 



Contact 



6-1,.., 23-1 

6-24-1 

6-1, .n.,24-k 

6-1,.., 24-12 

is k <9 
7-(k)-l 
7-(k)-2 NC 

7-(k)-3 

8-1-1 
8-1-3,4 
8-1-3,4 NC 

9-1-1 
9-1-4 



10-1-1 
10-1-2 
10-1-3 
10-1-4 

11-1-1 

11-1-2 

11-1-3 NC 

11-1-4 

11-1-5 

11-1-6 

11-2-2- NC 

12-1-1 
12-1,2-2 



12-1,2-3 
12-1-4 

13-1-1 
13-1-2 



Cycle 

D-6 
D-6 
D-6 

D-6 



D-6 
M-5 

D-5 
D-6 

D-11 

D-5 

D-6 

D-14 
D-13 



M-5 

D-5 

M-7 

D-11 

M-10 

D-14 

M-10 

D-14 

M-5 

D-5 
D-5 
M-5 
D-5 



Function 

PU of Over Under l-2,.(2n-2).,44-(4) or l-2,.(2n-l).,45-(4) 

PU of Over Under 1-46- (4) 

PU of Over Under l-(47k-46),.(2n-k).,(47k)-(4) 

or l-(47k-45) , . (2n-k-l) . , (47k-l)-(4) 
Hold 



PU of Times Right 5-(3k-2)-(12); 5-(3k-l)-(12); 5-(3k)-(4) 
Controls read-in to Cycle ctr 

Hold 

PU of F 18-l-(4)j G 19-l-(4) 

PU of Compare In 3-l,..,24-(12)j 3-25-(4) 

PU of MC-DR Invert HD-2-(12) 

PU of A 12-l,2-(4); B l6-l-(4) 
Hold 



Controls read-in to Log Cycle ctr 

PU of MC-DR Reset 47-l,..,13-(12) (Log) 

PU of IF ll-l-(6)j ll-2-(4) 

Hold 

PU of LIO In #1 189-1,2,3-(12,12,4) 

Hold of LE 10-l-(4); LM 42-l,2,3-(12,12,4) 

PU of Intermediate In 50-l,2,3-(l2) (Log) 

Hold of LG 201-l-(4) 

PU of Read Control Seq-31-(4) and Clutch Magnet (not used) 

Hold 

PU of Intermediate In 50-l,2,3-(12) (Log) 

Controls read-in to Sine Sequence ctr #2 
Hold of fiP-DIV Control Hold 14-1-(12) 

Hold of F 18-l-(4) 

PU of Read Control Seq-31-(4) and Clutch Magnet 

Hold 



Controls read-in to Cycle ctr 

PU of CcHnpare Control 8-l-(4) 

PU of MP-DIV Control Hold 14-1-(12) 



CO 



Relay 



Row 



13-l-(6) S 
(continued) 



14-1-(12) S 
MP-DIV Control Hold 
11-5 

D-5 



10 



15-l-(4) S 



l6-].-(4) S 
£1 

ll-lO 
I>-14 

i7-].-(4) n 

E 

lE-6 

1^10 



18-].-(4) 

r 
lh7 

I>-11 



10 



10 



10 



10 



10 



Contact 



13-1-3 

13-1-4 
13-1-5 
13-1-6 



14-1-1 



14-1-2 

14-1-3 NC 

14-1-4 NO 

U-1-5 

14-1-9 
14-1-11 

15-1-1 
15-1-2 NC 
15-1-3,4 

16-1-1 

16-1-4 

17-1-1 

17'-l-2 
17-1-4 



iet-1-1 
1&-1-2 
l€t-l-4 



Cycle 

M-5 

D-5 
D-5 

M-5 

D-5 

M-5 

D-6 

M-10 

D^14 

16-6 

D-10 

M-7 
D-ll 

M-8 
D-7 
D-6 
M-0 
E>-0 
M-0 
D-0 
M-6 
D-7 
11-6 
M-5 
D-5 



W-10 
D-14 
M-10 
I)-14 

M-7 

D-ll 

I)-ll 

M-6 

D-10 

M-d 
M-8 
M-7 
D-ll 



Function 

PU of MP-DIV Control Hold 14-1-(12)} Column Shift Righit 

29-l,..,36-(12,12,6) 
PU of Compare In 3-l,..,24-(12); 3-25-(4) 
PU of XJ 216-1.- (6); E Shift 213 and 214 (ESq)) 
Hold 



PU of Column Shift Left. 21-1...,36-(12,12,6); Column SIhift 

Right 29-l,..,36-(12,12,6) 
PU of A 12-l-(4)l B l6-l-(4) 

PU of E 17-l-(4) 

PU of F 18-l-(4) 

PU of C2 66-l-{4)j D, 67-l-(4) 

PU of Compare In 3-l,...,24-(12); 3-25-(4) 

PU of MC-IB Invert HD-J»-(12) 

Controls read-Jji to Se<:[uence ctr 

Controls RO of Sequence ctr 

Controls read-in to Cycle ctr 

PU of Compare Control 8-l-(4); Controls read-in to Cycle ctr 

Hold of PQ 23rd Col 68"l-(4) 

Hold 



Controls reset of Sequence ctr to 4 (Exp) 
PU of MC-DR Reset 47-l.»..,13-(12) (Exp) 
Hold 

PU of DD-PQ Invert HD-3-(12) 

Hold 

PU of F 18-l-(4) 

PU of F Control 64-l-(4) 
Hold 



Controls Cycl«i ctr RO A & B mldgs 
Controls Cycle ctr RO C & D mldgs 
Hold 



o 



Relay 


Row 


Contact 


Cycle 


Function 




19-l-(4) D 


10 


19-1-1 NC 


M-5 


Controls Cycle ctr RO 




G 






D-5 






D-11 




19-1-4 


D-n 


Hold 




20-l-(4) S 


10 


20-1-1 


D-15 


Controls RO of PQ 47th col 




H 




20-1-2 


D-15 


Controls reset of PQ 47th col 




D-14 




20-1-4 


D-14 


Hold 




21-1,..,36-(12,12,6) S 


11 


IS k s:ll 








Column Shift Left 




21-(3k-2)-l, . . ,21-(3k-l)-12 


M-6 


Control shift of multiple of MC-DR to cols 2k up of DD 




H-5 






D-7,8 






D-7 




21-34-1,.., 21-35-12 
IS n sl2 


— — 


Control shift of multiple of MC-IE to cols up of DD 








21-3nr.l 


D-7 


PU of Elusive One 60-l,..,23-(4) 








21-3n-2 


D-7 


Controls Q-Entry into PQ ctr 








21-3n-3 


D-13 


PU of "9" relay 9-l-(4) 








21-3n-5 


M-5 


Controls I.<P ctr RO 2nd mldg 








21-3n-6 


M-5 


Hold 




22-l-(12) S 


11 


22-1-1,.., 10 


D-2 


Control Invert of Q-Shift ctr 




Q-Shift Invert 




22-1-11 


D-1 


Hold 




D-1 












23-l-(4) S 


11 


23-1-1 


M-1 


PU of Intermediate Carry 53-l,2-(12) 




Intermediate Cairry 




23-1-4 


U-l 


Hold 




Control 












lt-1 












D-1 












24-l-(4) S 


11 


24-1-1 


tf-6 


PU of PQ Carry 62-lj..,4-(12) 




PQ Carry Control 




24-1-^ 


lf.6 


Hold 




M-6 












25-l-(4) S 


11 


25-1-1 


D-4 


PU of Q-Shift Carry 28-l-(4) 




Q-Shift Carry Control 




25-1^4 


D-4 


Hold 




D-4 












26-l-(4) D 


n 


26-1-1 


M-3 


PU of MC-DR Carry 49-l,..,10-(12) 




MC-DR Carry Control 




26-1-4 


M-3 


Hold 




M-3 












27-l-(4) S 


11 


27-1-1 


11-6 


PU of DD Carry 6l-l,..,4-(12) 




DD Carry Control 




27-1-4 


M-6 


Hold 




D-4 










CO 



Relay 

2(J-l-(4) S 
Q-Shift Carry 

29-l,..,36-(12,12,6) S 

29-9(2).-(4) 

Colxunn Shift Right 

D-5 



3<D-1-(12) D 
C Relay 
1^9 



31-1-(12) D 
D Relay 
M-9 



Row 



n 



12 
12 



12 



12 



32-l-(4) S 
Add-22 
D-3 

33-l,..,32-(12) S 
33-33,.., 46-(12) S 
33-47,.. ,70-(4,6 or 12) S 
33-71,.., 80-(12) S 
Q rShift 



12 



13 
14 
20 
21 



Contact 



28-1-1,2 



1 * k a;; 12 

29-(3k-2)-l, . . ,29~(3k-l)-12 

29-3k-l 

29-3k-2 

29-3k-3 

29-9-4 

29-3k-5 

29-3k-6 

29-9(2)-l 

30-1-1,2 NC 
30-1-3 



30-1-4 

30-1-5 

30-1-6 

30-1-7 

30-1-8,9 NO 

30-1-10 NC 

30-1-n 

31-1-1,2 NC 
31-1-3 



31-1-Vv 

31-1-5 

31-1-6 

31-1-7 

31-1-8,9 NC 

31-1-10 NC 

31-1-11 

32-1-1,2 

32-1-3 

32-1-4 

2S ic ->> 22 

33-(45"2k)-l, . . ,33-(46-2k)-12 

0^ k ssil 

33-(47 + k)-(4,6 or 12) 



Cycle 
D-1,4 



M-6 

D-5 

D-7 

D-7 

D-13 

D-11 

M-5 

M-5 

D-5 

D-n 

M-5 
M-9 



M-5 
M-8 
M-9 

M-5 
M-9 



M-5 
M-8 
M-9 

D-4 
D-4 
D-3 



D-15 
D-15 



Function 



C7I 
CO 

to 



Control Q-Shift Carry 



Control Multiple by (2k-l)st col of MP to cols (2k-l) up of 

PQ or DD 
PU of Elusive One 60-l,,.,23-(4) 
Controls Q-Entry int<j PQ ctr 
PU of "9" relay 9-1- (4) 
PU of G 19-1~(4) 
Controls MP ctr RO 2ad mldg 
Hold 

PU of G Control 65-l-(4) 

Hold of MP Cycle Control Hold 37-l,..,26-(4,6 or 12) 
PU of DD-PQ Transfer #2 59-l,2-(12)j 59-3-(6y; MP Reset 

40-l,2,3-(12)5 MC-DR Reset 47-1, ..,13-(12); MC-DH Reset 

HD-5-(12) 
Controls RO of Log Cycle ctr 
PU of EIO Reset 218-1,2,3-(12) 
Controls RO of Sine Sequence ctr #1 
PU of Intermediate In 50-l,2,3-(12) (Log) 
Hold of MP Cycle Control Hold 37-l,..,26-(4,6 or 12) 
PU of C2 66-1- (4) 
Hold 

Hold of MP Cycle Control Hold 37-l,..,26-(4,6 or 12) 
PU of DD-PQ Transfer #2 59-l,2-(12); 59-3-(6)j MP Reset 

40-l,2,3"(12); MC-DR Reset 47-1,. .,13-(12) J MC-DR Reset 

HD-5-(12) 
Controls RO of Log Cycle ctr 
PU of EIO Reset 218-1,2,3-(12) 
Controls RO of Sine Sequence ctr #1 
PU of Intermediate In 50-l,2,3-(12) (Log) 
Hold of MP Cycle Control Hold 37-l,..,26-(4,6 or 12) 
PU of D2 67"l-(4) 
Hold 

Control read-in to Q-Shift ctr 

PU of Q-Shift Carry Control 25-l-(4) 

Hold 



Control shift of PQ RO k cols to right 
Control supply of k nines to left of PQ~RO 



Relay 


Row 


Contact 


Cycle 


Function 


(continued) 












33-l,..,32-(12) S 




12 ^ k s: 22 








33-33,.., 46-(l2) S 




33-(35 + 2k)-l,.., 


D-15 


Control supply of k nines to left of PQ RO 




33-47,.., 70-(4,6 or 12) S 




33-(36 + 2k)-3,5 or 11 








33-71,.., 80-(12) S 




s k s 11 








Q-Shift 




33-(47 + k)-4,6 or 12 


D-15 


Hold is last point 




D-U 




12 =s k s 22 












33-(36 + 2k)-4,6 or 12 


D-15 


Hold is last point 




34-l,2,3-(12) S 


14 


34-1-1,.., 34-2-12 


M-11 


Control PQ ctr RO 




34-4-(4) 


14 


34-3-1 





PU of LIO In #1 192-1,2,3-(12,12,4) 




P-Out 




34-3-2 


- - 


PU of Divide 56-1, . .,13-(12) (Ejcp) 




M-10 




34-3-3 NC 


- - 


Hold of Tape Selection Relays 183,184,185-1,. .,9-(l2) 


(Int) 






34-3-5 NC 


^ - 


Hold of LG 201-l-(4) 








34-3-6 




PU of SM-3 83-l,2-(12,4) 








34-3-7 NC 


- . 


Hold of SM-3 83-l,2-(l2,4) 








34-3-8 


- - 


PU of Read Control Seq-31-(4) and Clutch Magnet (not 


used) 






34-3-9 


M-11 


Controls reset of PQ 47 col 








34-3-12} 34-4-4 


M-10 


Hold 




35-l,..,46-(4) S 


14 


35-45,46-1 NC 


M-1 


PU of Shift 36-37 ,38,39-(12,12,4) (No shift) 




Shift Pick-Up 




35-45-lj 35-43,44-1 NC 


D-1 


PU of Shift 36-34,35, 36-(12,12,4) (Shift 1 col) 




D-1 




35-45,43-1; 35-41,42-1 NC 


D-1 


PU of Shift 36-32,33-(l2) (Shift 2 cols) 




M-1 




3 s k < 13 












35-45,. (2n +l).,(47-2k)-l; 


D-1 


PU of Shift 36-(36-2k),(37-2k)-(12,4,6 or 12) (Shift 


k cols) 






35-(45-2k),(46-2k)-l NC 












14 ^ k i 22 












35-45,.(2n + l).,(47-2k)-lj 


D-1 


PU of Shift 36-(23-k)-(4,6 or 12) (Shift k cols) 








35-(45-2k),(46-2k)-l Nc 












35-n-4 


D-1 


Hold 




36-l,..,39-(4,6 or 12) S 


15 






Controls shift of k cols to left; last two points read amount 


Shift 








of shift to Q-Shift ctr 




M-1 




k - 20,21,22 








D-1 




36-(23-k)-l,..,(25-k) 
15 i k ss 19 


M-2 

D-2 


Hold is last point 








36-(23-k)-l,..,(25-k) 


M-2 


Hold is 36-(23-k)-ll 








k =14 


D-2 










36-(23-k)-l,..,(25-k) 


M-2 


Hold is 36-(23-k)-12 








8<. kil3 


D-2 










36-(36-2k)-l,.., 


M-2 


Hold is last point 








36-(37-2k)-(13-k) 


D-2 










3^ k^7 












36-(36-2k)-l,.., 


M-2 


Hold is 36-(37-2k)-ll 








36-(37-2k)-(13-k) 

k= 2 

36-32-1,.., 36-33-11 


D-2 










M-2 


Hold is 36-33-12 










D-2 







Relay 

36-l,..,39-(4.6 or 12) S 
(continued) 



37-l,..,26-(4,6 or 12) D 
MF Cycle Control 
M-5 



3&-l,2,3-(12) S 
Mviltiply #2 
M-0 



3S'-1,2,3-(12) S 
MF' In 



Row 



16 



16 



16 



Contact 

k -1 

36-34-1,.., 36-3 5-12 

k- 

36-37-1,.., 36-39-1 



1 £ k ^12 

37-1-1 
37-3-1 
3< k ^12 
37-(k + 2)-l 
37-14-2 NC 

2 ^ k ^ 11 

37-16-1 

37-(k + 15)-1 

37-26-2 NC 

37-2,4-3; 37-5,.., 10-12; 

37-11,12-6; 37-13,14-4; 

37-16-3; 37-17,.., 22-12; 

37-23, 2^v-6; 37-25,26-4 

38-1-1,.., 38-2-1 

38-2-2, „., 38-3-1 

38-3-3 
38-3-5 
38-3-6 
38-3-7 
38-3-8 
38-3-11 

39-1-1, ...,39-2-11 

39-2-12 

39-3-1 NC 

39-3-2 

39-3-3 

39-3-4 

39-3-5 

39-3-6 

39-3-7 

39-3-8 IK 

39-3-9 



Cycle 



H-2 

D-2 
li-2 

D-2 



M-5 
M-5 

M-5 
M-8 



M-5 
M-5 
M-8 
M-5 



M-5 
M-d 
M-5 
M-d 
M-0 
M-7 
M-5 
U-6 
M-6 
M-0 

M-5 

M-5 



Function 



Hold ie 36-36-4 

Hold is 36-39-2 

A digit in col 1 of MP picks up 37-l,2-(12,4) 
A digit in col 3 of MP picks up 37-3,4-(12,4) 
A digit in col (2k-l) of MP picks up 37-(k + 2)-(4,6 or 12) 

in order to read to PQ col (2k-l) and up 
PU of 29-l,2j,3-(12,12,6) Column Shift Right 
PU of 29-4,5j»6-(12,12,6) Column Shift Right 

PU of 29-(3k-.2),(3k-l),(3k)-(12,12,6) Column Shift Right 

PU of D2 67-l-(4) 

A digit in col 2 of MP picks up 37-15,l6-(12,4) 

A digit in col 2k of MP picks up 37-(k + 15)-(4,6 or 12) 

in order to read to DD col 2k and up 
PU of 21-1,2, 3-(12,12,6) Column Shift Left 
PU of 21-(3k"2),(3k-l),(3k)-(12,12,6) Column Shift Left 
PU of C2 66-l-(4) 
Hold 



PU of Column Shift Right 29-l,..,36-(12,12,6) 

PU of Dj 67-l-(4) 

PU of Column Shift Left 21-1,..,33-(12,12,6) 

PU of C2 66-l-(4) 

Controls read-in to Sequence ctr 

PU of r 18-1".(4) 

Control Cyclo ctr HD 

PU of PQ Carry Control 24-l-(4) 

PU of DD Carry Control 27-l-(4) 

Hold 

Control read-in to MI' ctr and PU of MP Cycle Control 

37-i,..,2(&-(4,6 or 12) 
PU of MD-DIV Control Pick-Up 13-l-(6) " 
Hold of Xm Step Conti'ol 180-l-(6) (Int) 
PU of Sign Control #]. 70-l-(4) (Int) 
PU of SIO Reset 228-l,2,3-(12) 
Controls read-in to, I>3g Cycle ctr 
PU of LP ll-l,2-(6,4) 
Controls reset of X^ ctr (Int) 
Controls read-in to Sine Sequence ctr #1 
Hold of SIO Out #2 Control 237-l-(4) 
PU of Forward Tape Clutch Magnet 



Relay 


Row 


Contact 


Cycle 


Function 


39-1,2,3(12) S 




39-3-10 


_ „ 


Controls read-in to X™ ctr (Int) 


(continued) 




39-3-11 


M-4 


Hold 






39-3-12 





PU of EIO 24th Col 9 225-1-6 


40-l,2,3-(12) S 


16 


40-1-1,.., 9 


M-10 


Controls read-in of 10* s coraplanents for MP reset 


MP Reset 




40-2-1,.., 40-3-11 


M-10 


Controls read-in to MP ctr 


M-9 




40-2-1,.., 40-3-11 NC 


M-5 


Controls read-in to MP ctr 






40-3-12 


M-9 


Hold 


41-1,2-(12) S 


16 






Controls Sequence ctr RO 


Multiply #1 




a-1-1 


M-0 


PU of Intermediate In 50-l,2,3-(12) 


M-0 




41-1-2 


M-0 


PU of DD-PQ Reset 58-l,..,8-(12) 






41-1-3 


M-1 


PU of MC-DR In 43-1,. .,10-(12); 43-ll,12-(4) 






41-1-4 


M-1 


PU of Intermediate Invert Control 94-l-(4) 






41-1-5 


M-2 


PU of First Build Up A4-1,. .,5-(12) 






41-1-6 


M-2 


PU of First and Second Build Up 45-1,.., 5- (12) 






41-1-7 


M-2 


PU of Intermediate Reset 52-l,2,3-(12); HD-4-(12) 
PU of Intermediate In 50-l,2,3-(12) 






41-1-8 


M-3 






41-1-9 


M-3 


PU of First and Second Build Up 45-l...,5-(12) 






41-1-10 


M-3 


PU of Second Build up 46-1,. .,5- (12) 






41-1-11 


M-4 


PU of MP In 39-l,2,3-(12) 






41-1-12 


M-4 


PU of Intermediate Invert Control 94-l-(4) 






41-2-1 


M-5 


PU of Intermediate Reset 52-l,2,3-(12h HD-4-(12) 
PU of Sequence Counter Reset 48-l-(12) 






41-2-2 


M-10 






41-2-3 


M-10 


PU of P-Out 34-l,2,3-(12)j 34-4-(4) 






41-2-4 


M-9 


PU of MC-DR Reset 47-1,. .,13-(12); HD-5-(12) 






41-2-5 


M-0 


PU of Multiply #2 38-l,2,3-(12) 
PU of P-Out 34-l,2-(12); 34-4-(4) 






41-2-6 


M-10 






41-2-11 


M-9 


Hold 


42-l,2,3-(12,12,4) 


17 


42-1-1,.., 42-2-3 


„ ^ 


Controls Sequence ctr RO (Log) 


LM 




42-2-4 


_ _ 


Hold of LE 10-l-(4) 






42-2-5 NC 


_ . 


Controls Sequence ctr reset (Log) 






42-2-6 




PU of Intermediate In 50-l,2,3-(12) (Log) 






42-2-7 NC 


• - 


Controls RO of LIO 23rd col 






42-2-8 


- - 


PU of Multiply #2 38-l,2,3-(12) (Log) 






42-2-9 NC 


- - 


PU of Log In #2 190-1,2,3-(12,12,4) 






42-2-10 


- - 


PU of Log Sine P-Out 72-1, 2,3- (12, 12, 4) 






42-2-11 


- - 


Hold 






42-2-12 




PU of Log Reset 191-1,2, 3-(12) 






42-3-2 




Controls read-in to Log Cycle ctr 


43-l,..,10-(12) S 


17 


43-1-1,.., 43-2-11 


M-2 


Controls entry into MC-DR (1-2) 


43-ll-(4) S 


16 




D-2 




43-12-(4) S 


15 


43-2-12 


M-1 


PU of Shift 36-37,38,39-(12,12,4) 


MC-DR In 






D-1 


PU of Shift 36-l,..,39-(4,6 or 12) 


M-1 




43-3-1,.., 43-4-11 


M-2 


Controls entry into MC-DR (3-6) 


D-1 











Relay 


Ro*' 


Contact 


Cycle 


Function 


(continued) 










43-]L,..,l()-(12) S 




/^3-4-12 


D-2 


PU of Q-Shift Elusive One Control 87-l-(4) 


43-ll-(4) S 




43-5-1,.., 43-6-11 


M-2 


Controls entry into MC-DR (5) 


43-]L2-(4) S 




43-6-12 


M-2 


PU of Sign Control #1 70-l-(4) 


MC-I)R In 




43-7-1,.., 43-8-11 


M-2 


Controls entry into KC-DR (7) 


M-1 




43-9-1,.., 43-10-11 


M-2 


Controls entry into MC-DR (9) 


D-1 




43-10-12 


M-1 
D-1 


Hold 






i*3-ll-l 




PU of SIO Out #2 Control 237-l-(4) 






J*3-ll-2 


. - 


Controls read-in to X.p ctr (Int) 






J,3-ll-3 


. - 


PU of Forward Tape Clutch Magnet (Int) 






43-11-4 


U-2 


PU of Sign Control #2 71-l-(4) 






43-12-1 


M-1 


PU of MC-DR F;ntry Control (1-2) 91-1,2,3-(12) 






43-12-2 


M-1 


PU of MC-DR Entry Control (3-6) 92-l,2,3-(12) 






43-12-3,4 


M-1 

D-1 


Hold 


44-l,..,5-(12) S 


17 


it4-l-l,.., 44-2-12 


M-3 


Control MC-DR times 2 RO to MC-DR (3-6) 


Firi3t Build Up 






D-3 




M-2 




U-3-l,..,Z.4-4-12 


M-3 


Control MC-DR times 2 RO to MC-DR (9) 


13-2 






D-3 








ii4-5-l 


M-3 

D-3 


PU of Read Control Seq-31-(4) and Clutch Magnet 






('+4-5-2 


Controls read-in to Log Cycle ctr 






U-5-5 


. - 


PU of SIO In #2 230-l,2,3-(12,12,4) 






a-5-6 


— 


PU of ir278-l,2,3-(l2,12,4) (Sine) 






/+4-5-7 


- - 


Controls read-in to Sine Sequence ctr #1 






44-5-8 


M-2 

D-2 


PU of MC-DR Entry Control (3-6) 92-l,2,3-(12) 






'Wt-5-9 


PU of Log Reset 191-1,2,3-(12) 






/W-5-11 


M-2 

D-2 


Hold 


45-l,..,5-(12) S 


17 


45-1-1,.., 45-2-12 


M-3, 4 


Control MC-DR times 2 RO to MC-DR (4-8) 


First and Second Build Up 






D-3,4 




1i;t-2 




45-3-1,.., 45-4-12 


M-3, 4 


Control MC-DR times 2 RO to MC-DR (5) 


lD-2 






D-3,4 








45-5-1 


M-3, 4 
D-3,4 
M-2,3 


Controls MC-DR Carry Control 26-l-(4) 






45-5-2 


Controls MC-DR Entry Control (4-8) 93-l,2,3-(12) 








D-2,3 








45-5-3 


- - 


Controls read-in to Sine Sequence ctr #2 






45-5-11 


M-2 

D-2 


Hold 


46-1,.., 5- (12) S 


17 


46-1-1,.., 46-2-12 


1^4 


Control MC-DR times 6 RO to MC-DR (7) 


Second Build Up 




46-3-1,.., 46-4-12 


M-4 


Control MC-DR times 6 RO to MC-DR (9) 


M-3 




ii6-5-l 


— 


Controls RO of Log Cycle ctr 



Relay 


Row 


Contact 


Cycle 


Function 




46-i,..,5-(12) S 




46-5-2 


NR-4 


Controls read-in of 1 from Normalizing Register to 




(continued) 








Intermediate ctr 








46-5-3 


- - 


Controls RO of Sine Sequence ctr #1 








46-5-4 





PU of SIO Out #3 272-l,2,3-(l2,12,4) 








46-5-5 


- — 


Controls entry of 1 into Intermediate ctr 21st col (Esq)) 








46-5-11 


M-3 


Hold 




47-l,..,13-(12) S 


17,18 


47-1-1,.., 47-2-11 


M-10 


Control reset of MC-DR (1-2) 




MC-DR Reset 




47-2-12 


M-10 


Controls reset of Cycle ctr 




M-9 




47-3-1,.., 47-4-12 


M-10 


Control reset of MC-DR (3-6) 




D-U 




47-5-1,.., 47-6-12 


M-10 


Control reset of MC-DR (4-8) 








47-7-1,.., 47-8-12 


M-10 


Control reset of MC-DR (5) 








47-9-1,.., 47-10-12 


M-10 


Control reset of MC-DR (7) 








47-11-1,.., 47-12-12 


M-10 


Control reset of MC-DR (9) 








47-13-1 NC 


M-2 


Hold of Sign Control #2 71-l-(4) 








47-13-2 


M-9 


PU of MC-DR Entry Control (1-2) 91-1,2,3-(12) 








47-13-3 


M-9 


PU of MC-DR Entry Control (3-6) 92-l,2,3-(12) 








47-13-4 


M-9 


PU of MC-DR Entry Control (4-8) 93-l,2,3-(12) 








47-13-10,11,12 


M-9 


Hold 




48-l-(12) S 


17 


48-1-1 NC 


M-0 


Hold of Multiply #1 41-1,2-(12); Multiply #2 38-l,2,3-(12) 




Sequence Counter Reset 






D-0 


Hold of Divide 56-l,..,13-(12) 




M-10 






- - 


Hold of m 42-l,2,3-(l2,12,4); IE 10-l-(4)j LF ll-l,2-(6,4) J 




D-14 








EX-2 55-l,2,3-(l2,12,6)j SM-1 81-l,2,3-(l2-12,4) J 

IM-1 78-l,2,3-(l2,12,4)} IM-2 79-l,2-(12,4) J SM-5 85-l-(4) 


















48-1-2 


M-11 


Controls Sequence ctr reset 








48-1-3 




PU of Log In ^2 190-1,2,3-(12,12,4) 








48-1-4 


- _ 


PU of EX-2 55-l,2,3-(12,12,6) 








48-1-5 


- - 


Controls reset of Sine Sequence ctr #1 








48-1-6 


M-10 


Hold 








48-1-7 


- - 


PU of Read Control Seq-31-(4) and Clutch Magnet (Int) 








48-1-8 


D-14 


PU of Q-Shift 33-l,..,80-(4,6 or 12); H 20-l-(4) 




49-1,.., 10- (12) S 


18 


49-1-2,.., 49-2-12 


M-3 


Control Carry in MC-DR (3-6) 




MC-DR Carry 




49-3-2,.., 49-4-12 


M-3 


Control Carry in MC-DR (4-8) 




M-3 




49-5-2,.., 49-6-12 


M-3 


Control Carry in MC-DR (5) 




r>-3 




49-7-2,.., 49-8-12 


M-3 


Control Carry in MC-DR (7) 
Control Carry in MC-DR (9; 








49-9-2,.., 49-10-12 


M-3 




50-l,2,3-(l2) s 


18 


50-1-1,.., 50-2-12 


M-1 


Control entry into Intermediate ctr 




Intermediate In 




50-3-1 


M-1 


PU of Intermediate Carry Control 23-l-(4) 




M-0 




50-3-11 


M-0 


Hold 




D-0 












51-1,2,3-(12) S 


18 


51-1-1,.., 51-2-12 


_ _ 


Control RO of Intermediate ctr (Int) (not used in MP-DIV) 




Intermediate Out 




51-3-1 




PU of EIO In 217-1,2,3-(12,12,4) 
PU of IM-3 80-l-(4) (Int) 








51-3-2 


- - 


Ol 






51-3-11 





Hold 


CO 



Relay 

52-l,2,3-(a2) S 
Inte]?mediate Reset 
M-2 

D..2 



53-l,2-(12) S 
Intermediate Carry 
K-l 

54-l-(X2) S 
EX-l 



55-l,2,3-(12,12,6) S 

EX-2 



Row 



18 



18 



18 



56-l,..,13-(12) S 
Divide 
EuO 



18 



19 



Contact 

52-1-1,.., 52-2-11 

52.-2-12 

52-3-1 

52-3-2 

52-3-3 

52-3-4 NC 

52-3-5 

52-3-6 NC 

52-3-7 

52-3-11 

53-1-1,.., 53-2-12 



54-1-1,.., 5 

54-1-6 

54-1-7 

54-1-8 

54-1-9 NC 

54-1-11 

55-1-1,.., 55-2-3 
55-2-4 
55-2-5 
55-2-6 
55-2-6 NC 

55-2-7 

55-2-8 

55-2-9 NC 

55-2-10 

55-2-11 

55-2-12 

55-3-1 

55-3-2 NC 

55-3-3 

55-3-6 

56-1-1,.., 56-2-12 NC 
56-3-1,.., ,56-6-10 



56-7-1,.., 56-8-11 
56-9-1,. (2n+ 1).,13.,.., 

56-10-11 
56-9-2,. (2n)., 12,.., 

56-10-10 



Cycle 



M-3 

M-2 

M-3 
M-2 



M-6 

I)-6 
I)-7 
M-6 
I)-7 
D-6 

l)-8 



Function 

Control reset of Intermediate ctr cols 1-23 

PU of C-6 Step Control 223-l-(4) (Exp) 

PU of C Value to Intermediate Control 90-l-(4) (Int) 

PU of MC-DR Reset Control #2 238-l-(12) (Sir») 

PU of Value Tape Read Clutch Magnet 

Hold of BI-l 78-l,2,3-(12,12,4); IM-2 79-l,2-(12,4) 

Controls reset of Intermediate ctr 24th col 

Hold of Sign Control #1 70-l-(4) 

Controls read-in to PQ 47th col 

Hold 

Control carry into Intermediate ctr cols 1-24 



Control Sequence ctr RO (Exp) 

PU of Multiply #2 38-l,2,3-(l2) (Exp) 

PU of EIO 1-18 Out 219-l,2-(12)j EIO In 217-1,2,3-(12,12,4) 

PU of EX-2 55-l,2,3-(l2,12,6) 

PU of C-6 Step Control 223-l-(4) (Exp) 

Hold 

Control Sequence ctr RO (Exp) 

PU of Multiply #2 38-l,2,3-(12) (Exp) 

PU of EIO 1-18 Out 219-1,2-(12) 

Hold of EX-1 55-l-(12) 

Hold of XG 15-l-(4) 

PU of C-6 Step Control 223-l-(4) (Exp) 

PU of Intermediate In 50-l,2,3-(12) (Ejqs) 

Controls reset of Sequence ctr (Exp) 

PU of XG 15-1~(4) 

Hold of RO Control 226"l-(4); XH 220-l-(l2) 

Hold 

PU of MC-DR Retjet 47-1, . .,13-(12) (Exp) 

PU of Read Control Seq-31-(4) and Clutch Magnet 

PU of Exp P-Out 73-1, 2-- (12) 

Hold 

Control Linking of Times Left and Column Shift Left t(j DD ctr 

Control PU of DD compare 6-l,..,24-(12) 

Control read-in to DD ctr 

Control read-in to PQ otr 

Control Q entry into PQ ctr 

PU of Column Shift Right 29-1,. .,36-(12,12,6) 



PU of Column Shift Left 21-1, . .,36-(12,12,6) 



Relay 

56-l,..,13-(12) S 
(continued) 



57-l,2,3-(12) S 
DD In 



58-l,..,8-(12) S 
DD-PQ Reset 

M-0 

D-0 



59-l,2,3-(l2,12,6) S 
DD-PQ Transfer #2 
M-9 



Rcw 



19 



19 



19 



Contact 

56-11-1 

56-11-2 

56-11-3 

56-11-4 

56-11-5 

56-11-6 

56-11-7 

56-11-8 

56-11-9 

56-11-10 

56-11-11 

56-12-1 

56-12-2 

56-12-3 

56-12-4 

56-12-5 

56-12-6 

56-12-7 

56-13-1 

56-13-2 

56-13-3 
56-13-4 
56-13-5 
56-13-6 
56-13-7 
56-13-8 
56-13-9 
56-13-11 

57-1-1,.., 57-2-11 

57-2-12 

57-3-1 

57-3-2 

57-3-4 

57-3-11 

58-1-1,.., 58-4-10 
58-4-11,12 
58-5-1,.., 58-8-9 
58-8-10,11 
58-8-12 

59-1-1,.., 59-2-11 

59-3-1 

59-3-2 



Cycle 

D-0 

D-0 

D-1 

D-1 

D-1 

D-1 

D-2 

D-2 

D-2 

D-3 

D-3 

D-3 

D-4 

D-4 

D-4 

D-5 

D-14 

D-14 

D-0 

D-5 

D-6 

D-7 

D-7 

D-13 

D-11 



D-14 
D-0 

D-5 
D-4 
D-5 
K-2 
D-5 
D-4 

M-1 
M-0 
M-1 
D-1 
M-0 

M-10 
M-10 
M-10 



Function 

PU of Intermediate In 50-l,2,3-(12) 

PU of DD-PQ Reset 58-1, . .,8-(12) 

Controls RO of Intermediate ctr 24th col 2nd mldg 

PU of MC-DR In 43-l,..,10-(12)j 43-ll,12-(4) 

PU of Q-Shift Invert 22-l-(12) 

PU of Intermediate Invert Control 94-l-(4) 

PU of First Build Up 44-l,..,5'-(12) 

PU of First and Second Build Up 45-l,..,5-(l2) 

PU of Intermediate Reset 52-l,2,3-(12)j HD-4-(12) 

PU of Intermediate In 50-l,2,3-(l2) 

PU of First and Second Build Up 46-1, ..,5-(12) 

PU of Add-22 32-l-(4) 

Controls RO of Intermediate ctr 24th col 2nd mldg 

PU of DD In 57-l,2,3-(12) 

PU of Intermediate Invert Control 94-l-(4) 

PU of Intermediate Reset 52-1,2, 3-(12) 

PU of Sequence ctr Reset 48-l-(l2) 

PU of MC-DR Reset 47-1, . .,13-(12); HD-5-(12) 

Controls read-in to Sequence ctr 

PU of Compare In 3-1, ..,24-(l2); 3-25-(4) 

PU of MC-DR Invert HD-2-(l2) 

PU of Elusive One 60-1, . ,,23-(4) 

PU of DD Carry Control 27-l-(4) 

PU of "9" 9-l-(4) 

PU of G 19-l-(4) 

Controls RO of Cycle ctr after PU of G relay 

Controls carry from doubling RO of MC-DR (1-2) 23rd col 

PU of Q-Shift 33-l,..,80-(4,6 or 12); h 20-1-(4) 

Hold 

Control entry into DD ctr 

PU of Shift 36-l,..,39-(4,6 or 12) 

PU of Q-Shift Carry Control 25-l-(4) 

PU of Sign Control #1 70-1- (4) 

PU of I^-DIV Control Pick-Up 13-l-(6) 

Hold 

Control PQ ctr reset 

Hold 

Control DD ctr reset 

Control Q-Shift reset 

Hold 

Control DD cols 23-45 transfer to PQ 
PU of PQ Carry Control 24-l-(4) 
PU of A 12-l,2-(4)j B l6-l-(4) 



Ol 
CO 



Relay 

59-l,2,3-(12,12,6) S 
(continued) 

60-l,..,,23-(4) S 
Elusive One 
D-7 

6:L-1,..,,A-(12) S 
DD Cariy 

M-6 

D-7 

62-1,.., M 12) S 
PQ Carry 
M-6 

63-l-(4) D 
No Gk> 
D-12 

64-l-(4) S 

F Control 

D-11 

6:5-l-(4) S 

G Control 

D-11 

66-l-(4) D 

C2 
M-8 

67-1- (4) D 
H-8 

6JJ-l-(4) D 
PCJ 23rd Column 
M-6 

69-l,2-(4) S 
CD Control 
M-9 



Row 



20 



20 



20 



10 



12 



12 



13 



13 



13 



14 



Contact 

59-3-3 
59-3-6 

60-n-l 
60-n-2 
60-nr-4 

61-1-1,.., 61-4-9 



62-1-1,.., 62-4-9 



63-1-1 
63-1-4 



64-1-1 
64-1-4 



65-1-1 
65-1-4 



66-1-1 
66-1-4 



67-1-1 
67-1-4 



68-1-1 
68-1-4 



69-1-1 
69-1-2 
69-1-3 
69-1-4 
69-2-1,2 NC 



Cycle 

M-10 
M-9 

D-7 
D-7 
D-7 

M-6 



M-6 



D-11 

D-12 



D-11 
D-11 



D-11 
D-11 



M-8 
M-8 



M-8 
M-8 



M-6 
M-6 



M-9 
M-6 
M-8 
M-9 
M-5 

M-6 

M-7 
M-8 



Function 

Controls res€>t of Cycle ctr 
Hold 

Controls entry of 1 3.nto col n of DD ctr 

Controls prevention of carry to the right in DD ctr 

Hold 

Control DD carry 



Control PQ carry 



PU of F 18-l.-.(4); G 19-l-(4) 
Hold 



PU of F 18-l-(4) 
Hold 



PU of G 19-1"(4) 
Hold 



PU of DD-PQ 'I-ransfer #1 74-l,2,3-(12,12,4) 
Hold 



PU of DD-PQ Transfer #1 74-l,2,3-(12,12,4) 
Hold 



Controls carry to PQ 23rd col 
Hold 



PU of C 30-l-(12)j D 31-1-(12) 

PU of PQ 23rd Column 68-l-(4) 

Hold of Co 6iS-l-(4)j D2 67-l-(4) 

Hold 

PU of MP-DIV Control Hold 14-1-(12) ; Column Shift L«ift 

21-1,.., 27-( 12,12,6); Column Shift Right 29-l,..„27-(l2,12,6) 
PU of E 17-l-(4) 
PU of F 18-1~(4) 
PU of C2 66- l-(4); D 2 67-l-(4) 



Relay 


Row 


Contact 


Cycle 


Function 




70-l-(4) D 


19 


70-1-1 


M-3 


Controls read-in to PQ 47th col 




Sign Control #1 




70-1-2 


M-2 


PU of Sign Control #2 71-l-(4) 




M-2 




70-1-^ 


M-2 


Hold 




71-1- (4) D 


20 


71-1-1; 71-1-2,3 NC 


M-11 


Control reset of PQ 47th col 




Sign Control #2 
M-2 




71-1-4 


M-2 


Hold 




72-l,2,3-(12,12,0 S 


21 


72-1-1,.., 72-2-12 


„ _ 


Control RO of PQ ctr (Log-Sine) 




Log Sine P-Out 




72-3-4 


- - 


Hold 




73-l,2-(12) S 


21 


73-1-1,.., 73-2-9 


— _ 


Control RO of PQ ctr (Exp) 




Exp P-Out 




73-2-12 





Hold 




74-l,2,3-(12,12,4) D 


21 


74-1-1,.., 74-2-10 


M-9 


Control DD cols 1-22 transfer to PQ 




DD-PQ Transfer #1 




74-2-11 


M-9 


PU of CD Control 69-l,2-(4) 




M-8 




74-3-1 


M-9 


PU of PQ Carry Control 24-l-(4) 








74-3-4 


!i^8 


Hold 




75-l,2,3-(l2,12,4) S 


21 


75-1-1,.., 75-2-12 


_ _ 


Control read-in of C Value to Intermediate ctr 




C Value to Intermediate 
#1 




75-3-4 


— - 


Hold 




76-l,2,3-(12,12,4) S 


21 


76-1-1,.., 76-2-12 


_ _ 


Control read-in of C VauLue to Intermediate ctr 




C Value to Intermediate 
#2 




76-3-4 


- - 


Hold 




77-l,2,3-(12,12,4) S 


21 


77-1-1,.., 77-2-12 


^ ^ 


Control r ead-in of C Value to Intermediate ctr 




C Value to Intermediate 

#3 




77-3-4 


- — 


Hold 




78-l,2,3-(12,12,4) S 


21 


78-1-1,.., 76-2-4 


._ 


Control RO of Sequence ctr (Int) 




IM-1 




78-2-5 


- - 


Controls Forward Tape Clutch Magnet 








78-2-6 


- - 


Controls read-in to Xm ctr (Int) 

PU of Iftiltiply #2 38-I,2,3-(12) (Int) 








78-2-7 











78-2-8 NC 




Controls Read Control Seq-31-(4) and Clutch Magnet 








78-2-9 


- - 


Hold of X,^ Step Control 180-l-(6) 
Controls reset of Sequence ctr to 4 (Int) 








78-2-10 











78-2-11 





Holdj hold of IM-2 79-l,2-(12,4) 








78-2-12 


_ - 


PU of C Value to Intermediate Control 90-l-(4) 








78-3-1 




PU of IM-2 79-l,2-(12,4) 








78-3-2 


- - 


PU of P-Out 34-l,2,4-(12,12,4) (Int) 








78-3-4 


- - 


Hold 




79-1, 2-( 12,4) D 


21 


79-1-1,2,3 


_ _ 


Control Sequence ctr RO (Int) 




IM-2 




79-1-4 NC 


- - 


Controls read-in to X^ ctr 

Controls X™ reset 

PU of MC-DR Reset 47-1,.., 13- (12) (int) ' 








79-1-5 





CJl 






79-1-6 








Relay 


Rcw 


Contact 


7^-l,2-(12,4) D 




79-1-7 


(continued) 




79-1-8 
79-1-9 NC 
79-1-10 NC 
79-1-11 NC 
79-1-12 
79-2-1 NC 
79-2-4 


80-l-(4) S 


21 


80-1-1 


IM-3 




80-1-4 


81.-1,2,3-(12,12,4) S 


21 


81-1-1,.., 81-2-3 


SM-1 




81-2-4 
81-2-5 
81-2-6 
81-2-8 
81-2-9 NC 
81-2-10 
81-2-n NC 
81-2-12! 
61-3-1 NC 
81-3-2 NC 


82-l-(12) D 


21 


82-1-1 NC 


SM-2 




62-1-2 

82-1-3 
82-1-4 
82-1-5 
82-1-6 NC 
82-1-7 NC 
82-1-8 
82-1-9 NC 
82-1-11 NC 
82-1-12 


83-l,2-(l2,4) S 


21 


83-1-1 NC 


SM-3 




83-1-2 
83-1-3 
83-1-4 
83-1-5 

83-1-6 NC 
83-1-7 
83-1-8 
83-1-9 



Cycle 



Function 

PU of Read Control £!eq-31-(4) and Clutch Magnet 

Controls Forward Taj)e Clutch Magnet 

Hold of X^ Step Cont,rol 180-l-(4) 

Controls reset of Sequence ctr to (Int) 

Hold; hold of IM-1 78-l,2,3-(l2,12,4) 

PU of IM-3 80-l-(4) 

Hold of Tape Selection Relays 183, 184, 185-1,.., 9--(12) 

Hold 

Controls Sequence ctr reset (Int) 
Hold 

Control Sequence ctr RO (Sine) 

Hold of SM-1; Multiply #2 36-l,2,3-(12) (Sine) 

PU of MC-DR Reset 47-1,. .,13-(125 (Sine) 

PU of Sine Sequence ctr #2 RO Control 237-l-(4) 

PU of Multiply #2 38-l,2,3-(12) (Sine) 

PU of Read Control Seq-31-(4) and Clutch Magnet 

Controls read-in to Sine Sequence ctr #2 

Controls reiaet of Sine Sequence ctr #2 

Hold 

PU of Read Control Seq-31-(4) and Clutch Magnet 

Controls RO of SIO ?i).th col 

Controls prevention of PU of Intermediate Reset 52--l,2,3-(12) 

(Sine) 
Controls prevention of PU of Intermediate In 50-l,2,3-(12) 

(Sine) 
PU of Interiinediate In 50-l,2,3-(12) (Sine) 
Controls Sequence ctr reset to 1 (Sine) 
PU of SM-3 •83-l,2-(12,4) 
Controls read-in to Sine Sequence ctr #2 
Hold ot/S ,Yan'^ S 233,234,235-l-(6) 
Hold for .7S5 236-1,2, 3-(12, 12,4) 
Controls read-in of sign to PQ 47th col (Sine) 
PU of /9 , 7^ and S 233, 234,23 5-1- (6) 
Hold 

Control prevention of PU of MC-DR Reset 47-1, ..,13'-(12) (Sine) 

PU of Inteniaediate In 50-1,2, 3-(12) (Sine) 

PU of DD-PQ reset 56-l,..,8-(12) (Sine) 

Controls Sequence ctr reset to 4 (Sine) 

Hold of ,785 236-l,2,3-(12,12,4)5 MC-DR Reset Control #1 

239-l-(4)j MC-DR Reset Control #2 238-l-(12) (Sine) 
Controls read-in to Sine Sequence ctr #2 
Hold of Sl/t-2 82-1-(:L2) 
Controls read-in to Sine Sequence ctr #1 
Hold 



Relay 

83-l,2-(12,4) S 
(continued) 



84-l-(6) S 
SM-4 



85-l-(4) D 
SM-5 

86-1- (4) D 
Add-22 Control 

87-l-(4) S 

Q-Shift Elusive One 

Control 

D-2 

88-l-(4) S 
Q-Shift Elusive One 
D-2 

89-l-(4) S 
Intermediate 24th col 

Read-Out Control 

M-1 

90-l-(4) D 

C Value to Intermediate 
Control 

91-1,2,3-(12) S 
MC-DR Entry Control 

(1-2) 

M-1 



Row 



21 



21 



13 



15 



15 



19 



18 



Contact 



83-1-10 
83-1-11 NC 
83-1-12 
83-2-1 

83-2-3 

84-1-1 NC 
84-1-2 NC 
84-1-3 
84-1-4 
84-1-6 

85-1-1 



86-1-1,2 NC 
86-1-4 

87-1-1 
87-1-4 



88-1-1,2 



89-1-1 
89-1-2 



90-1-1,2 
90-1-4 



91-1-1 

91-1-2,.., 91-2-11 

91-3-1 

91-3-2 

91-3-3 

91-3-4 

91-3-5 

91-3-6 

91-3-7 

91-3-8 

91-3-12 



Cycle 



D-4 



D-2 
D-2 



D-2 



M-2 



M-3 
M-3 
M-3 
M-3 
M-3 
li-3 
M-3 
M-3 
M-3 
M-3 
M-1 



Function 

PU of Intermediate In 50-1,2, 3-(12) (Sine) 

PU of fl . T'and & 233,234,235-l-(6) 

Hold 

Hold of/0,7'andS 233,234>235-l-(6) j Sine RO Control 

240-l-(4; 
PU of SIO Reset 228-1,2, 3-(l2,12,4) 

Controls Sequence ctr (Sine) 

Controls prevention of PU of DD-PQ Reset 58-1,.., 8- (12) (Sine) 

PU of X/2 279-l,2,3-(l2,12,4) 

PU of SIO Invert 242-l-(l2) 

Hold 

« 

PU of Log Sine P-Out 72-l,2,3-(12,12,4) 



Controls addition from Log "N" Switches to Q-Shift ctr 
Hold 

PU of Q-Shift Elusive One 88-1- (4) 
Hold 



Control read-in of Elusive One to Q-Shift ctr 



PU of Sine Control #1 70-l-(4) 

Controls RO of Intermediate ctr 24th col 



PU of Intermediate In 50-l,2,3-(l2) (Int) 
Hold 



Controls circuit to MC-DR col 1 2nd mldg 
Control circuit to MC-DR col 2-23 3rd mldg 

Controls circuit of 1 impulse to 3rd mldg cols 1-6 

Controls circuit of 1 impulse to 3rd mldg cols 7-12 

Controls circuit of 1 impulse to 3rd mldg cols 13-18 

Controls circuit of 1 impulse to 3rd mldg cols 19-23 

Controls circuit of 8 impulse to 3rd mldg cols 1-6 

Controls circuit of 8 impulse to 3rd mldg cols 7-12 

Controls circuit of 8 impulse to 3rd mldg cols 13-18 

Controls circuit of 8 Impulse to 3rd mldg cols 19-23 
Hold 



en 



Relay 


Row 


Contact 


Cycle 


Function 


92-l,2,3-(12) S 


2 


92-1-1 


M-3 


Controls circuit to MC-DR col 1 2nd raldg 


MC-DR Entry Control 




92-1-2,.., 92-2-12 


M-3 


Control circuit to MC-DR col 2-24 3rd raldg 


(3-6) 




92-3-1 


M-3 


Controls circuit of 1 impulse to 3rd mldg cols 1-6 


M-1 




92-3-2 


K-3 


Controls circuit of 1 impulse to 3rd mldg cols 7-12 






92-3-3 


M-3 


Controls circuit of 1 impulse to 3rd mldg cols 13-18 






92-3-4 


K-3 


Controls circuit of 1 impulse to 3rd mldg cols 19-24 






92-3-5 


M-3 


Controls circuit of 8 impulse to 3rd mldg cols 1-6 






92-3-6 


M-3 


Controls circuit of 8 impu3.se to 3rd mldg cols 7-12 






92-3-7 


K~3 


Controls circuit of 8 impulse to 3rd mldg cols 13-18 






92-3-8 


M-3 


Controls circuit of 8 impulse to 3rd mldg cols 19-24 






92-3-12 


M-1 


Hold 


93-l,2,3-(12) S 


3 


93-1-1 


M-3 


Controls circuit to MC-DR col 1 2nd raldg 


MCI-DR Entry Control 




93-1-2,.., 93-2-12 


M-3 


Control circuit to MC-DR col 2-24 3rd mldg 


(k-B) 




93-3-1 


M-3 


Controls circuit of 1 impulse to 3rd mldg cols 1-6 


M-2 




93-3-2 


M-3 


Controls circuit of 1 impulse to 3rd mldg cols 7-12 






93-3-3 


M-3 


Controls circuit of 1 impulse to 3rd mldg cols 13-18 






93-3-4 


M-3 


Controls circuit of 1 impulse to 3rd mldg cols 19-24 






93-3-5 


M-3 


Controls circuit of 8 impulse to 3rd raldg cols 1-6 






93-3-6 


M-3 


Controls circuit of 8 impulse to 3rd mldg cols 7-12 






93-3-7 


M-3 


Controls circuit of 8 impulse to 3rd mldg cols 13-18 






93-3-8 


¥-3 


Controls circuit of 8 impulse to 3rd mldg cols 19-24 






93-3-12 


M-1 


Hold 


94-l-(4) S 


21 


94-1-1,2 


M-1 


PU of Intermediate Invert HD-1-(12) 


Intermediate Invert 




94-1-4 


M-1 


Hold 


Control 










M-1 










915-l-(6) S 


18 


95-1-1 


— .. 


PU of "9" relay 9-l-(4) 


Place Limitation (643) 




95-1-6 


- - 


Hold 


96-l-(6) S 


18 


96-1-1 


_ - 


PU of "9" relay 9-1- (4) 


Place Limitation (6431) 




96-1-6 


— 


Hold 


97-l-(6) S 


18 


97-1-1 


_ - 


PU of "9" relay 9-l-(4) 


Place Limitation (6432) 




97-1-6 


— 


Hold 


92^-l-(6) S 


18 


98-1-1 


_ _ 


PU of "9" relay 9-l-(4) 


Place Limitation (64321) 




98-1-6 


— 


Hold 


99-l,2,3-(l2,12,4) S 


22 


99-1-1,.., 99-2-11 


_ m. 


Control RO of PQ cols 1-23 to Buss cols 1-23 


Special PQ-Out 

M-11 (Low order RO) 




99-2-12 


M-12 


Controls reading 9 to Buss col 24 if PQ<0 




99-3-1,2 


M-11 


PU of DD-PQ Invert HD-3-(l2)5 HD-3-(4) wc 






99-3-/+ 


M-11 


Hold 



Ol 



Relay 


Row 


Contact 


Cycle 


Function 


100-l-(4) D 
Special Sign 

M-11 (Low order RO) 


22 


100-1-1,2 
100-1-4 


M-11 
M-11 


PU of DD-PQ Invert HD-3-(l2); HD-3-(4) wc 
Hold 


101-1,2-(12) S 
Normalizing Register 
Read-In 


22 


101-1-1,.., 101-2-11 
101-2-12 


NR-2 
NR-2 


PU of Digit Sensing 102-1, . .,23-(4) 
Hold 


Norm, Reg. -2 










102-1,.., 23-(4) D 


22 


1 < n ^ 23 






Digit Sensing 
Norm. Reg. -3 




102-n-l 
102-n-4 


NR-3 
NR-3 


PU of Shift Positioning 103-1, ..,23-(4) 
Hold 


103-1,.., 23-(4) S 


22 


^ n :^ 22 






Shift Positioning 
Norm. Reg. -3 




103-(n + 1)-1 
103-(n -1- l)-2,3 
103-(n + l)-4 


m-3 

NR-4 

m-3 


Controls reading of 1 to column (n + 1) of Intermediate ctr 
Controls reading amount of shift n to cols 20 and 21 of Buss 
Hold 


104-1- (4) S 

Normalizing Register RO 
Norm, Reg. -4 


22 


104-1-1,2 
104-1-4 


NR-4 
NR-4 


Controls reading of amount of shift to cols 20 and 21 of Buss 
Hold 



HEAVY DUTY RELAYS 



HD-1-(12) 
Intermediate Invert 




HD-1-1,..,10 
HD-1-12 


M-2 

M-1 


Control inverted RO of Intermediate ctr 
Hold 




M-1 












HD-2-(12) 
MC-DR Invert 




HD-2-l,..,10 
HD-2-11 


D-7 
D-11 


Control inverted RO of MC-DR ctrs 
PU of F 18-l-(4) 




D-6 




HD-2-12 


D-6 


Hold 




HD-3-(12) 




HD-3-l,..,10 


M-11 


Control inverted RO of DD-PQ ctrs 




HD-3-(4) wc 
DD-PQ Invert 




HD-3-11 
HD-3-12 


D-15 
M-11 


Controls RO of 9 from PQ 47th col if PQ < 
Hold 




M-11 




HD-3-1 wc 


M-12 


Controls RO of 9 from PQ 47th col if PQ -^ 
1-23 of PQ) 


(Special RO c 


HD-4-(12) 
Intermediate Reset 




HD-4-l,..,9 


M-3 


Control reset of Intermediate ctr 




M-2 












HD-5-(12) 
MC-DR Reset 




HD-5-l,..,9 


M-10 


Control reset of MC-DR ctrs 




M-9 













Relay 


Row 


Contact 


Cycle 


Function 


at 

Oi 


Hr>-6-(15:) 
DD-PQ Reset 
M-0 




HD-6-l,..,9 


M-1 


Control reset of DD, PQ and Q-Shift ctrs 





SEQUENCE RELAYS 



S«q-8-(4) 
Check Control 




Seq-8-1,2 
Seq-8-3 




PU of Check relay-(4) 
Hold 




S«q-10-(4) 
Si;orage RO Minus 




Seq-10-1 
Seq-10-4 




PU of Invert relay-(12) for minus absolute RO 
Hold 




S«q-ll-(4) 
Storage RO Plus 




Seq-n-l 
Seq-11-4 




PU of Invert relay-(12) for plus absolute RG 
Hold 




Seq-27-(4) 
Ropeat 




Seq-27-1 
Seq-27-2 
Seq-27-4 




PU of Start Seq-33-(4)5 Hold of Start Interlock Seq-28- 

PU of Start Seq-33-(4) 

Hold 


-(4) 


Seq-28-(4) 
Sliart Interlock 




Seq-2e-l NC 
Seq-2S-4 




PU of Start Seq-33-(4) 
Hold 




Soq-29-(12) 
TIS Invert 




Seq-29-l,..,9 
Seq-29-12 




Control 9's complement for inverted IVS RO 
Hold 




S(5q-30-l,2,3-(12,12,4) 

TIS Out 




Seq-30-l-l,..,12 
Seq-30-2-l,..,12 
Seq-30-3-4 




Control RO of IVS cols 1-12 
Control RO of IVS cols 13-24 
Hold 




Seq-31-(4) 
Read Control 




Seq-31-1,2,3,4 




Control reading of control tape through reading pins 




Seq-32-(4) 
Stop Control 




Seq-32-1,2 NC 
Seq-32-4 




PU of Read Control Seq-31-(4) and Clutch Magnet 
Hold 




Saq-33-(4) 
Start 




Seq-33-1 
Seq-33-3 
Seq-33-4 




PU of Read Control Seq-31-(4) and Clutch Magnet 

PU of Start Interlock Seq-28-(4) 

Hold 





SWITCH REUYS 



SwA-l,2,3-(l2,12,4) 
Switch A Out 




SwA-l-l,..,12 
SwA-2-.l,..,12 
SwA-3-4 




Control RO of Switch A cols 1-12 
Control RO of Switch A cols 13-24 
Hold 



Relay- 


Row 


Contact 


Cycle 


Function 


Switch Invert-(12) 




Sw Invert-1, ..,9 
Sw Invert-11 




Controls 9's complement for inverted RO 
Hold 



STORAGE COUNTER RELAYS 



SCA-1,2,3-(12,12,4) 
Storage Counter Out 



SCA-4,5,6-(12,l2,4) 
Storage Counter In 



SCA-7,8-(12) 

Storage Counter Carry 

SCA-9-(4) 

Storage Counter Carry 
Control 

SCA-10-(4) 

Storage Counter 24th Col 
Carry (10) 

SCA-ll-(4) 

Storage Counter 24th Col 
Carry (9) 

SCA-12,13-(4) 
Storage Counter Carry 

Booster 
Storage Counter Invert-(12) 



Storage Counter Reset-(12) 



Sp64-(4) 
Special 64 In 



SCA-1-1,..,12 

SCA-2-l,..,12 

SCA-3-1 

SCA-3-2 

SCA-3-3 

SCA-3-4 

SCA-4-l,..,12 

SCA-5-l,..,12 

SCA-6-1 

SCA-6-2 

SCA-6-4 

SCA-7-l,..,12 
SCA-8-l,..,12 

SCA-9-1 
SCA-9-2 
SCA-9-4 

SCA-10-1 



SCA-n-l 
SCA-11-2 



SCA-12-2,3 
SCA-13-2,3 

Invert-l,. .,9 
Invert-lO NC 
Invert-12 

Reset-1, .,,9 
Reset-10 
Reset-11 NC 
Reset-12 

Sp64-1 
Sp64-3 
Sp64-4 



Control RO of cols 1-12 

Control RO of cols 13-24 

PU of Str Ctr 24th Col Carry (relays 10 and 11) 

PU of Str Ctr Reset relay-(12) 

PU of Str Ctr Invert relay-(12) 

Hold 

Control read-in of cols 1-12 

Control read-in of cols 13-24 

PU of Str Ctr Carry Control SCA-9-(4) 

PU of Str Ctr Reset-(12) 

Hold 

Control Carry for cols 1-12 
Control Carry for cols 13-24 

PU of Str Ctr Carry (relays 7 and 8) 

PU of Str Ctr 24th Col Carry (relays 10 and 11) 

Hold 

Controls end around carry through 10 



Controls end around carry through 9 
PU of Str Ctr Invert relay-(12) 



Control carry booster to col 1 
Control carry booster to col 13 

Control 9's complement for inverted RO 
NC and Transfer paralleled to "9" spot 
Hold 

Control 10 's complement for reset of str ctr 
Controls prevention of carry impulse during reset 
NC and Transfer paralleled to "9" spot 
Hold 

Holc^PU of Normal Str Ctr In SC64-4,5,6-(l2,12,4) 

PU of Carry Interlock-l-(6) 

Hold 



Relay 

Sp65-(4) 

Special 65 In 



Sp68-(4) 

Special 68 In 

Sp69-(4) 

Special 69 In 

Carry Interlock-l-(6) 



Carry Interlock-2-(6) 



Choice-(6) 



SC71-U-(6) 

Normal Out Control 



SC71-15-(6) 

Special Out (direct) 



SC71-l6-(6) 

Normal In Control 



SC71-17-(6) 

Special In (direct) 



Rwif 



Contact 



Sp65-1 
Sp65-3 
Si>65-4 

Si)68-1 
Sp68-3 
Sp68-4 

Si)69-1 
Sp69-3 
Sp69-4 

01-1-1,3 

CI-1-3 

CI-1-4 

CI-1-5 

CI-1-6 

GI-2-1,2 
CI-2-3 
C 1-2-4 
C 1-2-5 
C 1-2-6 

Choice-1 
Choice-2 
Choice-^3 

SC71-14-1 
SC71-14-2 
SC71-14-3 
SC71-14'-6 

SC71-15'-1 
SC71-15-2 
SC71-15-6 

SC71-16-1 
SC71-l6'-2 
SC71-16--3 
SC71-16-6 

SC71-17-1 
SC71-17--2 
SC71-17-3 
SC71-17-6 



Cycle 



Function 

Hold; PU of Normal Str Ctr In SC65-4,5,6-(12,12,4) 

PU of Carry Interloc]<-l-(6) 

Hold 

Hold; PU of Noiml Str Ctr In SC68-4,5,6~(12,12,4) 

PU of Carry Interlock-2-(6) 

Hold 

Hold; PU of Noi-mal Str Ctr In SC69-4,5,6-(12,12,4) 

PU of Carry Interlodc-2-(6) 

Hold 

Control end around carry from col 24 of ctr 65 to col 1 ctr 64 
Controls carry from col 23 of ctr 65 to col 24 of ctr 64 
Controls carj'y from col 23 of ctr 64 to col 1 of ctr 65 
PU of Carry Control SC64-9-(4) or SC65-9»(4) ' 
Hold 

Control end around carry from col 24 of ctr 69 to col 1 ctr 68 
Controls carry from col 23 of ctr 69 to col 24 of ctr 68 
Controls carry from col 23 of ctr 68 to col 1 of ctr 69 
PU of Carry Control SC68-9-(4) or SC69-9-(4) 
Hold 

PU of 24th Col 9 SC70-ll-(4) 

PU of Str Ctr Invert- (12) 

Hold; PU of 24th Col 9 SC70-ll-(4) 

PU of Normal Str Ctr Out SC71-1-(12) 
PU of Normal Str Ctr Cut SC71-2-(l2) 
PU of Normal Str Ctr Out SC71-3-(4) 
Hold 

PU of Normal Str Ctr Out SC71-2-(12) 
PU of Normal Str Ctr Out SC71-3-(4) 
Hold 

PU of Normal Str Ctr In SC71-4-(12) 
PU of Normal Str Ctr In SC71-5-(l2) 
PU of Normal Str Ctr In SC71-6-(4) 
Hold 

PU of Normal Str Ctr In SC71-5-(12) 
PU of Normal Str Ctr In SC71-6-(4) 
PU of Carry Back Control SC71-20-(6) 
Hold 



C7I 
CO 



Relay 

SC71-18-1,2-(12,6) 

Special Out (shifted) 



SC71-19-1,2-(12,6) 

Special In (ahifted) 



SC71-20-(6) 

Carry Back Control 



Ch6Ck-(/f) 



Row 



Contact 

SC71-18-1-1,..,12 

SC71-18-2-1 

SC71-18-2-6 

SC71-19-1-1,..,12 
SC71-19-2-1 
SC71-19-2-2 
SC71-19-2-6 

SC71-20-1 
SC71-20-1 NC 
SC71-20-6 

Check-1 
Check>4 



Cycle 



^ Function 

Control RO of ctr 71 cols 13-24 to Buss cols 1-12 

PU of Normal Str Ctr Out SG71-3-(4) 

Hold 

Control read-in to ctr 71 cols 13-24 from Buss cola 1-12 
PU of Normal Str Ctr In SC71-6-(4) 
PU of Carry Back Control SC71-20-(6) 
Hold 

Controls carry back in ctr 71 from col 24 to col 13 
Controls carry back in ctr 71 from col 24 to col 1 
Hold 

PU of Read Control Seq-31-(4) and Clutch Magnet 
Hold 



en 

CD 









cm CONTACTS 






< 


Cam 


Make 


Break 


Function 


Cam 


Make 


Break 


Function 


CC-1 


1/16 1 


1 5/8 


1 impulse control 


CC-25 


3 


14 


Hold of PQ 23rd Column 6€kl-(4) 


CC-2 


1/16 2 


2 5/8 


2 inpilse control 


CC-26 


2 


1 1/3 


PU of MP-DIV Control Pick-Up 
13-l-(6) 


CC-3 


1/16 3 


3 5/8 


3 Iripulse control 








CD Control 69-1, 2-(4) 


CC-4 


1/16 4 


4 5/8 


4 iiq)ulse control 


CC-27 


9 


12 


Hold of DR Compare 2-1, . . ,120-(4) 


CC-5 


1/16 5 


5 5/8 


5 Iripulse control 


CC-28 


9 


12 


Hold of DD Compare 6-1,. .,,24- (12) 
DR Compare 2-121, . . ,2l6-(4) 


CC-6 


1/16 6 


6 5/8 


6 iripulse control 


















cc-a9 


6 


8 


Hold of A 12-1, 2-(4) 


CC-7 


1/16 7 


7 5/8 


7 iiapulse control 

PU <jf Sign Control #2 71-1"(4) 








B l6-l-(4) 










CC-30 


1/16 3 


1 


Hold of Co 66-l-(4) 


CC-8 


1/16 8 


8 5/8 


8 iiapulse control 


(69-1-3 NC) 






D2 67-l-(4) 


CC-9 


1/16 9 


9 5/8 


9 impulse control 

PU of Sign Control #1 70-l"(4) 


CC-31 


12 1/2 


9 


PU of Times Right 

5-l,..,27-(12,12,4) 
F 18-l-(43 
G 19-l-(4) 


CC-1,.., 9 






PU of DD Compare 6-1, ..,2/+"(l2) 














DR Compare 2-l,..,2l6-(4) 


















CC-32 


8 1/2 


2 


Hold of MP-DIV Control Hold 


CC-IO 





1/2 


Controls inspulse to Seq Ctr Magnet 


(12-1,2-2 NC) 






U-l-(12) 
F 18-l-(4) 


cc-i:2 


12 


12 1/2 


Controls carry impulse 








G 19-l-(4) 


CC-1:5 


15 


15 1/2 


15 Impulse control 


CC-33 


14 


15 1/3 


PU of Shift 3^'-l,..,39-(4,6 or 12) 
C 30-l-(12) 
D 31-1-(12) 


CC-16 


16 


16 1/2 


16 impulse control 






















Q-Shift 33-1,.., 80- (4, 6 or 12) 


CC-17 


L 


L 5/8 


CB iinake 16 points 








H 20-l-(4) 

DD-PQ Invert HD-3-(12)j 


CC-19 


L 


L 5/8 


CB :Da8ke 16 points 








HD-3-(4) wc 


CC-21 


1/16 L 


L 1/2 


CB break 16 points 


CC-34 


9 


12 


Hold of Over Under 1-1, . .,,235-(4) 


CC-23 


1/16 L 


L 1/2 


CB break 16 points 


CC-35 


9 


12 


Hold of Over Under 1-236,. .,423-(4) 
Digit Sensing 102-1,.. .,23-(4) 


CC-24A 


L 1/4 


L 7/8 


Compare control make 


















CC-36 


12 





Hold of Column Shift Right 


CC-24B 


L 1/4 


L7/8 


Compare control make 








29-l,..,36-(12,12,6) 
Column Shift Left 


CC-2W 


L 1/16 


L 3/4 


Compare control break 








21-1,..,36-(12,12,6) 
Times Right 5-1,.., 27-- (12, 12, 4) 


CC-24D 


L 1/16 


L 3/4 


Compare control break 








Times Left 4-l,..,27-(12,12,4) 
E 17-l-(4) 



CAM CONTACTS 



Cam 



Make 



Break 



Function 



Cam 



Make 



Break 



Function 



CC-37 



CC-38 



CC-39 



CC-40 



11 



U 1/2 



1/3 15 



1/16 15 



\/h 12 



12 



CC-41 

(30-1-1,2 NC) 
(30-1-8,9 NC) 
(31-1-1,2 NC) 
(31-1-8,9 NC) 

CC-42 



CC-43 



12 

12 
12 



15 



1/3 16 



PU of Q-Control 7-l,..,9-(4) 
No Go 63-l-(4) 
Shift Positioning 
103-1,.., 23-(4) 

Hold of C 30-1- (12) 
D 31-1-(12) 

Q-Control 7-1,.., 9- (4) 
No Ck> 63-l-(4) 

Hold of Compare In 3-l,..,24-(l2); 
3-25-(4) 
tlC-DR Invert HD-2-(l2) 

PU of DD-PQ Transfer #1 

74-l,2,3-(l2,12,4) 
DD-PQ Transfer #2 

59-l,2,3-(12,12,6) 
MP Reset 40-1,2, 3-(12) 
MC-DR Reset 47-l,..,13-(12) 
DD-PQ Invert HD-3-(12)j 

HD-3-(4) wc 
Conpare In 3-1, ..,24-(12) j 

3-25-(4) 
MC-DR Invert HD-2-(12) 
Log Sine P-Out 

72-l,2,3-(l2,12,4) 
Special Sign 100-l-(4) 

Hold of MP Cycle Control 

37-l,..,26-(4,6 or 12) 



Hold of Shift Pick-Up 
35-l,..,46-(4) 

Hold of Intermediate In 

50-l,2,3-(12) 
DD-PQ Reset 58-1, . .,8-(12) 
Intermediate Invert Control 

94-l-(4) 
Intermediate Invert HD-1-(12) 
MC-DR In 43-l,..,10-(12)j 

43-ll,12-(4) 



CC-43 
(continued) 



CC-44 



1 1/3 



CC-45 



1/16 11 



13 



Shift 36-l,..,39-(4,6 or 12) 
Intermediate Reset 

52-l,2,3-(l2) 
Intermediate Reset KD-4-(l2) 
First Build Up 

44-l,..,5-(12) 
First and Second Build Up 

45-l,..,5-(12) 
Second Build Up 46-l,..,5-(12) 
MP In 39-l,2,3-(12) 
DD-PQ Transfer #1 

74-l,2,3-(l2,12,4) 
DD-PQ Transfer #2 

59-l,2,3-(12,12,6) 
MP Reset 40-l,2,3-(12) 
MC-DR Reset 47-1,. .,13-(12) 
P-Out 34-l,2,3-(12); 34-4-(4) 
Sequence Counter Reset 

48-l-(12) 
DD-PQ Invert HD-3-(12)j 

HD-3-(4) wc 
Q-Shift Invert 22-l-(12) 
Add-22 32-l-(4) 
DD In 57-l,2,3-(l2) 
Q-Shift 33-l,..,80-(4,6 or 12) 
H 20-1- (4) 
Normalizing Register Read- In 

101-1,2-(12) 
Normalizing Register Read-Out 

104-l-(4) 

PU of Intermediate Carry Control 

23-l-(4) 
MC-DR Carry Control 26-l-(4) 
PQ Carry Control 24-l-(4) 
DD Carry Control 27-l-(4) 
Q-Shift Elusive One Control 

87-l-(4) 
Q-Shift Carry Control 25-l-(4) 
Elusive One 60-l,,.,23-(4) 
F Control 64-l-(4) ' 
G Control 65-l-(4) 
"9" 9-l-(4) 

PU of Intermediate Cairy 
53-l,2-(12) 



cm; contacts 



en 



Cam 


Make 


Break 


Function 


Cam 


Make 


Break 


Function 


CC-45 






MC-DR Carry 49-l,..,10-(12) 
PQ Carry 62-l,..,4-(12) 


CC-53 


n 


16 


Hold of Divide 56-l,..,13-(12) 


(continued) 






(199-1-1 NC) 














DD Carry 61-1,..,4-(12) 
















Q-Shift Elusive One 88-l-(4) 


CC-54 


12 


12 1/2 


Controls impulse to cycle ctr 








Q-Shift Carry 28-l-(4) 








magnet 


CC-46 


2 


13 1/3 


Hold of Intermediate Carry Control 

23-l-(4) 
MC-DR COTry Control 26-l-(4) 
PQ Carry Control 24-l-(4) 
DD Carry Control 27-l-(4) 
Q-Shift Elusive One Control 

87-l-(4) 
Q-Shift Carry Control 25-l-(4) 


CC-55 


12 1/2 


13 2/3 


Controls Sequence ctr RO-B 
PU of Intermediate In 
50-l,2,3-(12) 

First Build Up 44-1, ..,5- (12) 

MP-In 39-l,2,3-(12) 

Sequence ctr Reset 48-1- (12) 

Shift Pick-Up 35-1,.., 46-(4) 








Elusive One 60-l,..,23-(4) 


CC-56 


12 1/2 


13 2/3 


Controls Sequence ctr RO-C 








F Control 64-l-(4) 
G Control 65-l-(4) 








PU of MC-DR In 43-1,. .,10-(12)j 














43-ll,12-(4) 
















First and Second Build Up 


CC-47 


3 1/2 


16 


Hold of MP^-DIV Control Pick-Up 
13-l-(6) 
CD Control 69-l,2-.(4) 
Special Sign 100-l-(4) 








45-l,..,5-(12) 
MC-DR Reset 47-1,.., 13- (12) 
Q-Shift Invert 22-1- (12) 
DD-In 57-l,2,3-(12) 


CC-48 


2 


4 


Hold of "9" 9-l-(4) 


CC-57 


12 1/2 


13 2/3 


Controls Sequence ctr RO-D 

PU of DD-PQ Reset 58-l,,..,8-(l2) 


CC-49 


1 


1/3 


PU of Multiply #2 38-l,2,3-(12) 








Intermediate Invert (Jontrol 
94-l-(4) 


CC-50 


1/3 3 


16 


Hold of XG 15-l-(4) 








Intermediate Reset 


(55-2-6 NC) 






EX-l 54"1-(12) 








52-l,2,3-(12) 
Second Build Up 46-l,,..,5-(12) 


CC-51 


2 


1 1/3 


PU of LE 10-1- (4) 
LF ll-l»2-(6,4) 
XG 15-l-(4) 








P-Out 34-l,2,3-(12) } ■ 34-4-(4) 
Add-22 32-l-(4) 








EX-2 55-l,2,3-(12,12,6) 


CC-58 


:i4 


15 1/3 


PU of MP-DIV Control Hold 14-1-(12) 
Column Shift Right 


CC-52 


1/3 3 


16 


Hold of Multiply #1 41-1,2-(12) 








29-l,..,36-(12,12,,6) 


(4S-1-1 NC) 






lAiltlply #2 38-l,2,3-(l2) 
Divide 56-l,..,13-(12) 








E 17-l-(4) 
Dg 67-l-(4) 








LE 10-1..(4) 














LF ll-l,2-(6,4) 

m 42-l,2,3-(12,12,4) 


CC-59 


:14 


15 1/3 


PU of Column Shift Left 














21-1,..,36-(12,12„6) 
Cg 66-l-(4) 








E!!:-2 55-1, 2,3-(12, 12,6) 














IM-1 78"1,2,3-(12.12,4) 
IM-2 79"1,2-(12,4) 








<w 








CC-60 


6 


5 1/3 


PU of A 12-1, 2-(4) 








SM-1 81.-1,2,3-(12,12,4) 








B l6-l-(45 
G 19-l-(4) 








SI^-5 85"l-(4) 














Shift Positioning 103-1,.., 23-(4) 











CM CONTACTS 



Cam 



CC-61 
CC-62 
CC-63 
CC-64 
CC-65 
CC-66 

CC-67 

CC-68 

CC-69 

CC-70 



Make 



CC-71 

CC-72 
CC-73 



CC-74 
(47-13-1 NC 

CC-75 
(52-3-6 NC) 



12 





14 





12 





4 


12 


2 


15 3/4 


2 


1 1/3 


15 


16 1/3 


14 


15 1/3 


15 


16 1/3 



u 

1/2 
U 

13 1/2 

11 



Break 



16 



15 1/3 

2 
15 1/3 

16 



Function 



PU of Intermediate Reset HD-4-(12) 

PU of DD-PQ Reset HD-6-(12) 

PU of MC-DR Reset HD-5-(12) 

PU of EIO Reset 21d"l,2,3-(12) 

PU and hold of SM-4 84-l-(6) 

PU and hold of SM-3 83-l,2-(12,4) 
PU of C6-0 Step Control 223-l-(4; 

PU of log C values 

210-1,.., 6-(24,28) 

PU of SIO Out #2 Control 237-l-(4) 
SIO Reset 228-1, 2, 3- (12) 

PU of Intermediate Invert HD-1-(12) 
1/211 etc 

243-1,.., 21-(4,6 or 12) 

Hold of .785 relay 

236-l,2,3-(12,6,4) 
MC-DR Reset Control #1 

239-1- (4) 
MC-DR Reset Control #2 

238-l-(12) 

PU of Tr/2 279-l,2,3-(12,12,4) 
IT 278-l,2,3-(12,12,4) 
2 r280-l,2,3-(12,12-4) 
SIO Invert 242-l-(12) 

Hold of SM-3 83-l,2-(12,4) 

PU of LM 42-l,2,3-(12,12,4) 

SIO Out #3 272-l,2,3-(12,12,4) 

Hold of Sign Control #2 71-l-(4) 



Hold of Sign Control #1 70-l-(4) 



Cam 



CC-76 



CC-77 



CC-78 



CC-79 
CC-80 



\lsk.B 



15 



Break 



16 1/3 



16 



15 

6 
1/16 12 



16 

5 1/3 
9 



Function 



PU of MC-DR Entry Control (1-2) 

91-1,2,3-(12) 
MC-DR Entry Control (3-6) 

92-l,2,3-(12) 
MC-DR Entry Control (4-8) 

93-l,2,3-(12) 
EIO In 217-1, 2,3-(12, 12,4) 
EIO 1-18 Out 219-1, 2-(12) 

Hold of MC-DR Entry Control (1-2) 

91-1 2 3-(l2) 
MC-DR Entry Control (3-6) 

92-l,2,3-(12) 
MC-DR Entry Control (4-8) 

93-l,2,3-(l2) 

PU of Times Right 

5-l,..,27-(l2,12,4) 
Times Left 

4-l,..,27-(l2,12,4) 

PU of F 18-l-(4) 

Controls impulse to Cycle ctr magnet 
PU of Compare Control 8-l-(4) 



STORAGE CAMS 






Cam 


Make 


Break 


Function 


Cam 


Hake 


Break 


Function 


SC-1 


1 


1 1/2 


1 jjiqjulae control 


SC-12 


11 


U 


PU of Carry SCA-7,8-(12) 

24th Column Carry SCA-10,ll-(4) 


SC-2 


2 


2 1/2 


2 jjnpulse control 








Check Relay-(4) 


SC-3 


3 


3 1/2 


3 JLnipulse control 


SC-13 


2 


1 1/2 


PU of Carry Control SCA,-9-(4) 
High Accuracy Carry Interlock 


SC-4 


4 


U 1/2 


4 JLmpulse control 








CI-l,2-(6) 
Ctr 71 Carry Back Control 


SC-5 


5 


5 1/2 


5 jLmpulse control 








SC71-20-(6) 


SC-6 


6 


6 1/2 


6 iLngjulse control 


SC-14 


2 


14 1/16 


Hold of Carry Control SCA-9-(4) 
High Accuracy Carry Interlock 

CI-l,2-(6) 
Ctr 71 Carry Back Control 


SC-7 


7 


7 1/2 


7 JLmpulse control 








SC-8 


6 


8 1/2 


8 .-Lmpulse control 








SC71-20-(6) 


SC--9 


9 


9 1/2 


9 :Lmpulse control 


SC-15 


13 


15 1/3 


PU of 24th Column Carrj' 
SCA-10,ll-(4) 


SC-10 


12 


12 1/2 


Control carry impulse 








Hold of Choice Relay-(6) 


SC--11 


12 





Hold of 

Str Ctr In SCA-1,2,3-(:L2,12,4) 
Str Ctr Out SCA-4,5,6~(12,12,4) 


SC-16 


14 


15 1/3 


PU of Reset Relay-(12) 

Invert Relay-(12) to be used 
with Choice Counter 








Check Flelay-(4) 
Invert Relay-(12) 


SC-17 


14 


U 1/2 


PU of Invert Relay-(12)i for minus 








Reset Relay-(12) 








absolute value RO 








High Accuracy Ctrs Special In 
Sp64-l-(4) etc. 


SC.-18 


14 


U 1/2 


PU of Invert Relay-(12) for plus 








Ctr 71 Normal Out Control 








absolute value RO 








SC71-U-(6) 
















Ctr 71 Normal In Control 
















SC71-l6-(6) 
















Ctr 71 Special Out (direct) 
















SC71-15-(6) 
















Ctr 71 Special Out (shifted) 
















SC71-18-1,2-(12,6) 
















Ctr 71 Special In (direct) 
















SC71-17-(6) 
















Ctr 71 Special In (shifted) 
















SC71-19-1,2-(12,6) 
















Switch Out SwA-l,2,3-(12,12,4) 
















Switch Invert Relay- (12) 
















PU of Ctr 71 Normal Out 
















SC71-1,2,3-(12,12,6) 
















Ctr 71 Normal In 
















SC71-4,5,6-(12,12,6) 











MP-DIV RELAYS AND FUSES 



Relay No. 



l-row 

l-row 

l-row 

l-row 

l-row 

l-row 

l-row 

l-row 8 

l-row 9 

2-row 

2-row 

2-row 

2-row 

2-row 

2-row 

2-row 

2-row 8 

2-row 9 

3-1,.., 24 

3-25 

k 

5 

6 

7 

8 

9 

10 

11 

12-1 

12-2 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 



Fuse No. 

23 
24 
25 
26 
27 
28 
29 
30 
31 
14 
15 
16 
17 
18 
19 
20 
21 
22 
33 
38 
32 
32 
34 
34 
34 
34 
34 
34 
34 
35 
34 
34 
34 
34 
34 
34 
34 
34 
35 
35 
35 
35 



Relay No. 



25 

26 

27 

28 

29 

30 

31 

32 

33 

34-1,2,3 

34-4 

35 

36 

37 

38 

39 

40 

41 

42 

43-1,.., 10 

43-11 

43-12 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 



Fuse No, 



35 

35 

35 

35 

35 

35 

35 

35 

38 

39 

40 

40 

41 

36 

37 

37 

37 

37 

37 

42 

36 

41 

42 

42 

42 

42 

42 

43 

43 

43 

43 

43 

43 

43 

44 

39 

39 

39 

45 

45 

45 

34 



Relay No. 



Fuse No. 



64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
99A 
Shift Circuit 
Low Order P-Out 
Heavy Duty 



35 

35 

38 

38 

38 

40 

39 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

36 

41 

41 

39 

43 

32 

32 

32 

38 

43 

43 

43 

43 

47 

47 

47 

47 

46 






liP-DIV RELAYS AND FUSES 



en 



]F\i8e No. 



Relay No. 



1 Intermediate Counter Uagmits 

2 UC-DR Counter Magnets (1-2^ 

3 MC-DR Counter Itegnete (3-6) 

4 MC-DR Counter )£agnet8 (4-6) 

5 MC-DR Counter Ilagnets (5) 

6 MC-DR Counter Ifegnets (7) 

7 MC-DR Counter JUagnets (9) 
& MP Counter Magnets 

9 DD Counter Magnets columns} 1-24 

10 DD Coiinter Magnets columnii 25-45 

11 PQ Counter Magnetsi columns 1-24 

12 PQ Counter Magnets; columns 25-46 and 47 

13 Q-Shift, Sequence, and Cycle Counter Magrets 

14 2- 1st row 

15 2- 2nd row 

16 2- 3rd row 

17 2- 4th row 

18 2- 5th row 

19 2- 6th row 

20 2- 7th row 

21 2- 8th row 

22 2- 9th row 

23 1- 1st row 

24 1- 2nd row 



Fuse No. 



25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 

43 
44 
45 
46 
47 



Relay Ho. 



1- 3rd row 
1- 4th row 
1- 5th I'ow 
1- 6th row 
1- 7th row 
1- 8th row 
1- 9th row 
4,5,91,92,93 

fn "1 24) 

6,7,8;9'lO,ll,(X2-l), 13,14,15,16,17,18,19,20,63 

(12-25,21,22,23,24,25,26,27,28,29,30,31,32,64,65 

37,(43-11) 

(3-25i/33!;66t67,68,71,72,73,74,75,76,77,78,79,80, 

81,82,83,84,85,86,94 
(34-1,2,3), 57, 58, 59,70,89 
(34-4) ,35,69 
36^3-1487,88 
(43-1, .. ,10) ,44,45,46,47,48 
49,50,51,52,53,54,55,90,95,96,97,98 

56 

60,61,62 

Heavy Duty Relays 

99, 99A, Shift Circuit, Low Order P-Out 
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The references are to pages. 



Abacus, 1. 

Abbreviations, used in appendices, 405. 

used in bibliography, 397. 
Absolute value, 16. 

check counter, 20, 131. 

choice counter, 17. 

coding, 110. 

operation, 65. 
Accuracy, 51. 

in division, 26, 120, 249. 

in high accuracy computation, 23, 151. 

in subtabulation, 225. 

of exponential unit, 32, 165. 

of functional tapes, 196. 

of logarithm unit, 30, 162. 

of sine unit, 33, 182. 
Addition, 3, 14, 60, 

codii^, 107, 109. 
Aiken, H. H., 27, 52. 
Algebraic sign, 3, 12, 78. 

choice coxmter, 17, 129. 

in high accuracy computation, 142. 

of arguments in functional tapes, 195. 
Analytical engine, 5, 
Argument control, 236. 

coding, 238. 

plugging, 276. 
Asymptotic expansions, 369. 
Automatic check coimter, see Check coimter. 
Automatic codes, 15, 99. 

circuits, 433. 

Babbage, Charles, 1, 4, 7. 

analytical engine, 5. 

difference engine, 4, 6. 
Bessel fimctions, 335, 337. 
Bibliography of numerical analysis, 338. 
Build-up, 75. 

Cam, 12, 53, 60. 

Ust, 550. 
Card feed, 42. 

coding, 229. 

operation, 96. 

operating instructions, 290. 

plugging, 272. 
Card pxmch, 42, 44, 

checking, 233. 

coding, 231, 241. 



operation, 93. 

operating instructions, 290. 

plugging, 274. 

serial and code nimibers, 134, 140, 229, 
234,251. 

timing, 106. 
Cards, Hollerith, 5. 

International Business Machines, 95. 

Jacquard, 5. 

serial and code numbers, 134, 140, 229, 
234, 251. 
Carry, 1, 2, 4. 

circuit, 63. 

contact, 61. 

in gained counters, 20, 143. 

in MIO coimter, 133. 

in multiplicand-divisor coimters, 69. 

in SIO coimter, 139, 

in print counters, 95, 236. 

in punch counter, 93, 231. 

See also EikI around carry. 
Cascade relajrs, 53, 93. 

list, 411. 
Central difference interpolation, 206. 
Check counter, 20. 

circuits, 455. 

coding, 131, 241. 
Checks, 131. 

of functional tapes, 199. 

of general computation, 287. 

of printed data, 240. 

of punched cards, 233. 

operating Instructions, 291. 
Choice counter, 17. 

circuits, 449. 

coding, 108, 110, 129. 
Code, 12, 98, 

automatic, 15, 99, 

non-automatic, 99, 101. 
Code numbers, see Cards. 
Coding, 12, 98. 
Commutator, 59. 
Compare cycle, 84. 
Comparison, 25. 

plugging, 249. 

timing, 105. 

See also Division and Place limitation. 
Complements on nine and ten, 2. 

in division, 25. 
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in resets, 16, 

In read-outs, 62. 

in subtraction, 14. 
Control tapes, see Sequence control tapes. 
Cosine, 183. 
Counter, see Check counter, 

Choice counter. 

Cycle counter. 

Dividend co\mter. 

Doubling counter. 

Exponential in-out counter. 

Functional counter. 

Ganged counters. 

Interpolation counters, 

T.r>orQi*itViTn /•r»"*'^*>'»* 

Logarithm in-out counter. 

Multiple in-out counter, 

Mviltiplicand-divisor counter. 

Multiplier counter, 

Print counter. 

Product-quotient counter. 

Punch counter. 

Quotient-shift counter, 

Sequence counter. 

Sign counter. 

Sine in-out counter. 

Storage counter. 
Counter wheel, 2. 

See also Storage counter. 
Cycle, 15, 51, 60, 105. 
C^cle counter- 74; 

Determinants, bibliography, 341. 
Difference engine, 4, 6. 
Difference equations, bibliography, 362, 
Differences, bibliography, 359, 

central difference interpolation, 206, 

evaluation of polynomial, 296, 300. 

method of checking, 132. 

methods of differencii^, 202. 

Newton-Gregory formula, 217, 

subtabulation, 224. 
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phy, 375, 

partial, bibliography, 385, 
Differentiation, numerical, bibliography, 371 , 
Discontinuous functions, 16, 129, 
Dividend counter, 69, 
Division, 24, 

circuits, 499, 

coding, 120, 

in high accuracy computation, 151, 

operation, cycle by cycle, 80, 

place limitation, 26, 120, 249. 

plugging, 249, 



switch, 25, 120, 250. 

timii^, 105. 
Doubling counter, 137, 140. 
Doubling read-out, 68. 

Electrical circuits, 53, 
Elusive one, 25. 
Emergency stop switch, 57. 
End aroimd carry, 3. 

in check counter, 20, 131. 

in division, 25, 72. 

in ganged counters, 143. 

in LIO counter, 137. 

in MIO counter, 133. 

in punch counter, 95. 

in SIO counter, 36. 
Exponential in-out counter, 31 , 

coding, 99, 100, 101. 

pluggii^, 256. 
Exponential unit, 30. 

coding, 165. 

plv^ging, 256. 

timing, 105. 

False position, rule of, see Rule of false 

position. 
Feed, see Card feed. 
Finite differences, see Differences, 
Functional counter, 67, 90, 
Functional tapes. 38; 45. 47. 185. 

checkii^, 199, 

design, 195, 

reading, 92. 
Fuse, 555. 

Ganged coimters, 20. 

coding, 142, 

See also High accuracy computation. 
Grant, G. B., 6, 

Half -correction, coded, 129, 



Half pick-up, see Half-correction, 
Hankel functions, 332, 337, 
Harmonic analysis, bibliography, 356. 
Heavy duty relays, 545, 
High accuracy computation, 20, 23, 

circuits, 446, 494, 

coding, 142, 

plugging, 247, 253, 
Hollerith cards, 5, 
H3fperbolic functions, 38, 167, 

Implicit fxmctions, bibliography, 355, 
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Impulses, 59. 

In relays (B relays), 12, 53. 

list, 422. 
Independent variable switch, 50. 

coding, 107. 
Integral equations, bibliography, 393. 
Integral, evaluation of definite, bibliogra- 
phy, 371. 

example, 318. 
Integration, numerical, bibliography, 371, 
Intermediate counter, 68. 
Interpolation, 10, 38. 

bibliography, 363. 

central difference, 206. 

counters, 92. 

inverse, 227. 

Newton-Gregory formula, 217. 

plugging, 262. 

switches, 185, 193, 195, 271. 

tables, bibliography, 368. 

Taylor's series, 196. 

timing, 105. 
Interpolation counters, 38, 92. 
Interpolators, 38. 

coding, 185. 

multiple use, 193. 

plugging, 262. 

switches, 185, 193, 195, 271. 
Interposition, 22. 

in division, 120. 

in multiplication. 111. 

in printing, 240. 

in tape positioning, 187. 

of machine stops, 241. 
Inverse interpolation, 227. 

bibliography, 368. 
Invert codes, 107, 110. 
Invert relay, 14, 62. 
Iterative processes, 170. 

bibliography, 348, 352. 

coding, 170. 

example, 304. 

high accuracy division, 151. 

in division, 27. 

inverse interpolation, 227. 

rule of false position, 179. 

Newton Raphson formula, 170. 

Jacquard cards, 5. 

Keyboard, in testing, 289. 
See also Tape pimch. 

Least squares, bibliography, 344. 
Leibnitz, Gottfried, 3. 



Linear algebraic equations, bibliography, 341. 

example, 335. 
Logarithm counter, 28. 
Logarithm in-out counter, 28, 37. 

coding, 137, 

plugging, 251, 254. 
Logarithm unit, 28. 

coding, 162. 

pli^ging, 254. 

switch, 162, 255. 

timing, 105. 

Machine methods in arithmetic, bibliogra- 
phy, 340. 
Manual punch, 45. 
Matrices, bibliography, 341. 
Mechanical drive, 58. 
Miscellaneous relays (C relays), 12, 53. 

list, 429. 
Molding, 59. 

multiple molding counters, 67. 
Morland, Samuel, 3. 
Muller, J. H., 4. 
Multiple in-out coimter, 18. 

coding, 133. 
Multiplicand-divisor counters, 68. 
Multiplication, 21. 

circuits, 457. 

coding. 111. 

in high accuracy computation, 145. 

operation, cycle by cycle, 74. 

plugging, 247. 

timing, 105. 
Multiplier covinter, 69. 
Multiply-divide relay list, 528. 

Napier, John, 1 . 

Newton-Bessel central difference formula, 206. 
Newton-Gregory interpolation formula, 217. 
Newton Raphson formula, 27, 170. 
Newton-Stirling central difference formula, 206, 
No-go, 26, 84. 

Non-automatic codes, 99, 101. 
Normalizing register, 24. 

circuits, 495, 

coding, 159. 
Numerical analysis, bibliography, 338. 

Odd fimctions, 17, 129. 
Operating decimal position, 21. 

See also Pli^ging. 
Operatii^ instructions, 50, 289. 

examples, 295, 299, 302, 312, 315, 326. 
Out relays (A relays), 11, 53. 

list, 411. 
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Pascal, Blaise, 2. 

^riodogram analysis, bibliography, 357. 

Place limitation, 26, 120, 249, 

Plugboard, 21, 272, 274. 

Plugging, 21, 50, 245. 

Pluggii^ instructions, 291. 

examples, 296, 300, 303, 313, 316, 329. 
Polynomial, evaluation, 292, 296, 300. 
Print coimter, 43, 95. 
Printing, 43. 

argument control, 236, 238, 276. 

coding, 236. 

half pick-up, 236, 238, 278. 

operation, 95. 

operating Instructions. 290, 

plugging, 275. 

timing, 106. 
Product-quotient counter, 21, 72. 
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Punch, see Card punch and Manual punch. 
Punch counter, 43, 93. 

See also Card punch. 

Quotient shift counter, 25, 72. 

Read-in, 59. 
Reading pins, 11, 53. 
Read-out, 62. 
Reciprocals, 175. 

Newton Raphson rule, 27. 
Registers, circuits, 437. 

constant, see Switches. 

storage, see Storage Counters. 
Relay, 12, 53. 

list, 528. 

table 91. 
Rerim instructions, 50, 291. 
Reset, 16, 64. 

coding, 110. 

manual, 50, 291. 
Roots, bibliography, 345. 

cube, 172, 

square. 170. 
Rule of false position, 179. 

bibliography, 348. 

Scheutz, George, 6. 

Sequence control mechanism, 11, 50, 53. 

subsidiary sequence controls, 22, 50, 57, 
73, 91. 
Sequence control tape, 11, 45, 48, 53. 
checking, 289. 

examples^ 294, 298, 301, 307, 314, 322, 
332, 335. 
Sequence coimter, 73. 



Sequence relays, 53. 

list, 546. 
Serial numbers, see Cards. 
Shift counters, 37, 

See also Logarithm in-out counter, 
Multiple in-out counter. 
Normalizing register. 
Sine in-out cotmter. 
Sign counter, 72. 
Sine in-out counter, 34, 37. 

coding, 139. 

plugging, 252, 258. 
Sine unit, 33. 

coding, 182. 

pli^ging, 258. 

switches, 139. 

timii^, 105. 
Slide rule, 2. 

Start, circuits, 53, 431. 

key, 50. 
Starting tapes, 290. 

examples, 293,297,300,305,314,318,335. 
Stop, circuits, 53, 431. 

key, 50. 
Storage coimters, 14, 59. 

coding, 109. 

rela^, 547. 
Subtabulation, 224. 

bibliography, 368. 
Subtraction, 2, 14. 

coding, 107, 109. 
Switches, 12, 

coding, 107. 

independent variable switch, 50. 

relays, 546. 

Table relays, 29, 34, 91. 

plugging, 258. 
Tabulating machine cards, see Card feed, Card 

punch and Cards. 
Tape library, 50, 292, 335, 336. 
Tape punch, 45. 
Tapes, functional, 38, 45, 47, 185. 

sequence control, 11, 45, 48, 53. 

value, 41, 45, 46, 185. 
Taylor's series, 196. 
Timing, 50, 105. 

of typical problems, 296, 300, 303, 313, 
316, 317, 329, 336. 
Tolerance, 20, 131, 
Transcendental functions, 27, 38. 
Typewriters, see Printing* 

Value tape, 41, 45, 46, 185. 



561 



INDEX 



coding, 189, 
reading, 92. 

Zero, of a pol3niomial, bibliography, 345, 348. 



of transcendental equations, bibliogra- 
phy, 352. 
positive and negative, 3, 129. 



